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HELESR OSS sGy.CADS 


by TOM M. HARRIS 
Fourth Annual Address, delivered 8 March 1961 


AssTRACT. The fossils considered are those in which attribution of one organ to the Cycadales (in the strict 
sense) is supported by the evidence from a different organ believed to be of the same plant. It thus deals with 
Palaeocycas+ Bjuvia; Androstrobus prisma+Pseudoctenis lanei; Androstrobus spp.+Beania spp.+ Nilssonia 
spp. Two classic fossil Cycads, Cycadospadix and Dioonitocarpidium, are considered not fully convincing. The 
kind of evidence needed is mentioned and the need is urged for assembling separate fossil organs into further 
synthetic plants. 


THE Recent Cycads area small family of Gymnospermous seed plants, scattered through 
the tropics of the world and of no particular economic importance but very familiar to 
botanists. Many of them look like squat palms. The ‘fossil cycads’ are a large and very 
indefinite assemblage of all sorts of plant organs, but nearly all of them of Mesozoic 
age. To some authors they comprise about a hundred genera and a few thousand species, 
in fact almost everything ever called a fossil cycad, irrespective of present views. Many 
are rather more discriminating than this and, in this address, I shall limit myself ex- 
tremely to those fossils which not only have every appearance of being truly Cycadean 
but in which this appearance is strongly supported by a second line of evidence. 
Botanists agree that the Cycads ought to be found fossil. All their organs, stem, leaf, 
male and female organs are large, robust, and strongly characterized and as it seems 
well suited to be preserved and then to be recognized. And we have long been impressed 
by their archaic features; one such is fertilization by spermatozoids, but there are half 
a dozen others and they look as though they had persisted without change from very 
early times. Cycads are so archaic that had they been extinct and only known fossil, it 
would have been a very easy thing to point a moral. And so when a century or more ago 
_ leaves just like modern Cycad leaves were found in vast numbers in the Mesozoic rocks, 
and also a fair number of similar stems, and even a few suitable reproductive organs, 
_ everybody gladly recognized them as Cycadean and some people even called the Meso- 
_zoic the Age of Cycads. The literature was filled with generic names recalling those of 
_Cycads. Gradually, however, this simple picture became complicated and confused. 
Certain plants called fossil Cycads and with very suitable looking stems and leaves 
proved to have totally different reproductive organs, and for these another class, the 
Bennettitales, was established. We now think that a good deal more than half of the 
fossils, formerly called Mesozoic Cycads, belong to the Bennettitales but the proportion 
is uncertain. A few have been proved to have Bennettitalean reproductive organs; a 
'much larger number are linked with these few by some special character, for instance, 
the epidermal structure of the leaf. Others in which the structure is unknown are just 
vaguely associated. On the other hand, a minute number of fossil Cycads have been 
proved to be Cycadean in the strict sense (the ones considered here) and a moderate 
number are associated with them on more or less impressive evidence. A very con- 
‘siderable number of the fossils originally proposed as fossil Cycads are still uninvesti- 
gated and of unknown affinity. 
_[Palaeontology, Vol. 4, Part 3, 1961, pp. 313-23.] 
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It is partly conservatism which makes some of us continue to call the Bennettitales 
fossil Cycads even though we do not think they have anything to do with them, but 
partly a reaction to imperfect knowledge. We have the small group of the definite fossil 
Cycads, the moderate-sized group of definite Bennettitales, and associated with each is 
a large penumbra of less and less clearly attached fossils. We use our terms today in 
such various ways that we must cause real confusion. There are all varieties of opinion _ || 
between those who regard the Bennettitales as so remote that they may as well be called | 
unrelated (this is my position) and those who, while recognizing that they are quite | 
different in some organs, feel that other organs are so similar that they must be related 
through a not very distant common ancestor. A term has been created which I find 
repugnant, but it is generally used and I freely admit it has its usefulness; this is Cyca- | 
dophyte. It was intended to cover Recent and fossil true Cycads, the fossil Bennettitales _ || 
and fossils not yet clearly placed in either family. It has been found a conveniently broad 
filing space to accommodate several other Mesozoic genera. Some of these like Caytonia 
and Pentoxylon are rather fully known and they will not fit well into any plant class. Of 
course, when they are pushed in here, they broaden the Cycadophytes still further and, 
as far as I can see, the fossil Cycadophyte is just a short name for any Mesozoic plant 
with a leaf constructed on a more or less pinnate plan, without regard to the other 
organs of the same plant! The trouble with such a word is that people will regard it as 
a natural class and proceed from that to make mistakes. 

In the early days it was inevitable that isolated plant organs alone were considered, 
and those that looked Cycadean were considered Cycadean. It was when the plants 
began to be put together that it became plain that the whole plant would not fit fully 
into the Cycad mould. This directs our attention to one of the main differences in out- 
look between fossil botanists with botanical outlook and plant morphologists working’ 
on modern plants. With modern plants you may consider a particular organ or even 
just a small part of it, but you never forget that it belongs to a certain whole plant. With 
fossils you take what you have, that is some isolated organs, and you engage in thoughts 
about them without having any whole plant at all, though you may create one as a 
hypothesis. This sort of thought has always fascinated the fossil botanist and no doubt 
always will, but it is very dangerous and I think he could have used his mind to better 
advantage. As I shall emphasize at the end of the address, botanical progress depends on 
working towards a whole plant. 


THE CASE OF PALAEOCYCAS 

The first fossil Cycad I shall accept on my restricted definition is Palaeocycas integer, 
described by Florin in 1933. It is not a complete plant but it has two important organs, 
the foliage leaf called Bjuvia simplex and the seed-bearing organ or megasporophyll to 
which the name P. integer properly applies. In fact both organs had been described fifty _ 
years earlier from the Rhaetic of Sweden and Florin was revising old specimens, but if | 
you compare the first treatment with the second you will see the second is over twenty | 
times longer and possibly twenty times as laborious. This gives one reason why such work | 
is rare. Florin gives a spirited reconstruction of Palaeocycas; it consists of two known | 
fossils synthesized on the basis of the recent genus Cycas: it is perfectly clear what is 
fact and what surmise. Florin could, had he wished, have used a different model; for 
instance the tropical Ginger family, which happens to have leaves looking very like those. 
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of Palaeocycas, could provide several alternative models, though they might be less 
attractive botanically since we believe these fossils are unrelated to the Gingers. 

There is another difficulty. Not one of the specimens of megasporophyll figured still 
bears its seeds. It is true that the stalk shows bulges which look as though they were the 
points where large seeds were borne, and I can only say that if I had been studying the 
specimen, I would have assumed that it did bear seeds in the way Florin showed. But 
until seeds are seen, let us always remember that this is an assumption. 

Accepting then that the organ is a seed-bearing megasporophyll, what is the evidence 
that this and the leaf, which has been described under an entirely different name, belong 
to the same plant? And then when we have the evidence that they are correctly put 
together, what is the evidence that the whole plant is a Cycad? 

The organs are found separately and most of the specimens are broken. The evidence 
for attributing them to one species is only circumstantial; no specimen suggests con- 
tinuity. There is, in the first place, the evidence of association. The fossils are preserved 
in a deltaic deposit full of fossil plants and in such a deposit association of fossil organs 
shows that they were produced at the same time and in nearly the same place. It is the 
more suggestive because the leaf is an uncommon fossil, having only two Swedish 
localities and the megasporophyll is rare, occurring in one of the leaf localities. Repro- 
ductive organs in general are so much rarer than leaves that when in a flora preserved 
near where it grew, you find several specimens of a reproductive organ, you have a 
right to expect to find the appropriate leaf with them. Still there are many other species 
of leaves also associated. 

Then there is the evidence of agreement in structure. The only part of which we have 
information is the cuticle of the epidermis, but this is excellently preserved and open to 
study at high magnification. By numerous preliminary studies, Florin showed, as others 
had done less systematically, that certain features of the epidermis tend to run through all 
the organs of a plant. This is specially true of the stoma. We may add that when a part 
happens to be green and rather leaf-like, it often has rather close resemblance to the 
cuticle of the leaf. The cuticle can have family characters running through all the organs 
and it can also have specific characters which act even if obscurely as a specific label for 
the various organs. 

Florin showed that there was extremely close agreement between the leaf cuticle and 
that of the expanded lamina of the megasporophyll. There are also points of agreement 
between the stalks of the two organs. He examined all the associated leaves of other 
species and found that all of them differed more or less; so there is no rival leaf to claim 
the megasporophyll. We will take it that the two organs of Palaeocycas are rightly 
attributed to one plant (though always bearing in mind that there is an element of risk 
in this assumption); what then is the evidence that it is a true Cycad? In fact there is no 
living Cycad with a leaf just like the fossil but the essential architecture is similar so the 
difference is not too disturbing. The structure of the stomata is exactly similar and 
somewhat special to this family, so the leaf fits well enough. The megasporophyll is 
more like that of Cycas than anything else known to us on earth (but again we bear in 
mind the reservation that it has not yet been proved to bear Cycas-like seeds). 

What has happened is that instead of the knowledge of two separate bits of fossil 
plants, we have the much more impressive coherent knowledge of the pair, with certain 
reservations it is true but not ones that I would let worry me. What should we now do? 
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Plainly we need more; we should look for further circumstantial evidence bearing on | 
the question whether the two organs belong together; for instance, we might search the 
second leaf bearing locality for associated megasporophylls. And then there are great 


gaps in our botanical knowledge. It is probably too much to hope that we could find the || 


real stem so as to replace Florin’s hypothesis by fact; and too much to hope that, if we 
do find it, we might learn how the leaves and megasporophylls were borne in relation to 
one another. There is a better hope that with further collecting we might find megasporo- 
phylls still bearing seeds and that such specimens might reveal a good deal of their seed 
structure as it has done in another fossil Cycad. It is not too much to hope that we might 
find the pollen-bearing organs. 

The mine which yielded Palaeocycas has long been closed, so the only hope is that it is 
eventually found in another locality. Florin’s material was collected nearly a century »| 
ago by men who may have been acute and discriminating and the work of such men is 
not to be despised ; but it really is a matter of luck if they found and preserved the precise 
kind of specimen which was needed to make progress in the laboratory a century later. 

If such progress were made, what result would we expect? Probably the circumstantial 
evidence for putting the organs together might be reinforced. Probably what we managed 
to learn about the seed, or the male organs, would fully confirm Florin’s Cycad idea; 
but it is at least conceivable that they might prove utterly different and force us to look 
at Palaeocycas in an entirely new light. Even if it were spoilt as a fossil Cycad, it would © 
become a still stranger and more interesting plant. 


CYCADOSPADIX AND DIOONITOCARPIDIUM 


I next take Cycadospadix which for a century has figured in botanical textbooks as | z 
one of the best-established representatives of the fossil Cycads. The classic specimens are | 


a dozen isolated fossils scattered in marine Liassic rocks. No doubt they had floated || 


far out to sea and with such fossils association tells you very little. It really looks exactly | 
like a Cycas megasporophyll and everyone accepted it as that, though no seed is known 


attached. I for one would never have doubted it but for one accident. When collecting || 


in the Greenland Rhaetic, I found fossils looking like Cycadospadix and which I 
naturally determined as a species of Cycadospadix; a new one as it happened. Then in 


the course of ordinary routine, I examined the cuticle of my Cycadospadix and I was _ || 
surprised to find that it had all the characters of the Bennettitales and was sharply || 


different from that of any true Cycad. In fact, I convinced myself that my fossils were 
not seed-bearing megasporophylls at all, but sterile scale leaves; very probably belonging | 
to the flower of a certain one of the associated Bennettitalean leaves. 

The original specimens of Cycadospadix seem never to have been examined very 
closely and we certainly know nothing of their fine structure. The nearest thing to a full | 
reinvestigation I know is a pencil note by my own teacher, A. C. Seward, to the effect | 
that the original figures were rather restored and that the specimens did not show clear 
seed stalks in the way the figures suggested. I hope someone examines Cycadospadix 
critically; I would not be surprised if it proved to be exactly what it has always been 
supposed to be, but then it might be a sterile scale leaf like my Greenland fossil. Cycado- 
spadix certainly does not come into my category of Cycad-like organs supported by 
a second line of evidence; it is not even as firmly in the category of organs which are 
clearly Cycad-like just on their own merits as I once thought. 
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It is only right to mention that Florin, while accepting my fossil as a Bennettitalean 
scale leaf, decided that it had nothing to do with the other species of Cycadospadix and 
gave it a new generic name. He may be right, but no one can be sure without looking 
again at the original specimens. The position of another famous fossil Cycad, Dioonito- 
carpidium, is better, but as it seems to me not very secure. Dioonitocarpidium has a 
few rare species from the Keuper of central and eastern Europe (Lilienstern 1928; 
Krausel 1949, 1953). It is primarily the name of a seed-bearing megasporophyll, but a 
certain leaf has been attributed to it; thus like Palaeocycas it has two organs. Also like 
Palaeocycas, it is the subject of a spirited restoration, the stem and megasporophyll being 
built on to the stem of Dioon, the Recent Cycad genus from which it takes its name. 

The evidence is, however, much less massive. The leaf is attributed to the megasporo- 
phyll on the evidence of association which is said to be impressive, but this time it is not 
yet supported by anatomical agreement. Then in Palaeocycas there was the slightly dis- 
concerting fact that the seeds were missing; here there is the disconcerting fact that, 
though they are present, they are not quite right or so I feel. The sterile end of the 
megasporophyll fits very well into the general picture of a Cycas or Dioon megasporo- 
phyll, but the more important fertile end does not fit in well. The bodies at the base are 
compared with Cycas or Dioon seeds, but such seeds ought to project and instead they 
are sunken. In some of the figures the sunken bodies do indeed look like seeds but in 
others they look more complicated, as though they were sacs enclosing small seeds. 
These doubts are tiresome for Dioonitocarpidium may be just what it is supposed to be 
and a few solid facts might dispel them all, but without solid facts the doubts remain and 
it is a duty to retain them. 

Here solid facts means in the first place microscopic details and we have none at all, 
and I do not know whether the material is preserved in a way which provides any. When 
we have such facts, we should be able to relate the leaf and megasporophyll in much the 
same way as Florin did for Palaeocycas. We should also be able to learn about the basal 
bodies of the megasporophyll; are they in truth simple seeds as supposed or something 
quite different? If they are quite different, Dioonitocarpidium might well disappear from 
the Cycad alliance. 


BEANIA 


The next Cycad I take is again synthetic and this time having four important organs— 
the leaf, the female cone, the seed, and the male cone—it is the most complete. The 
great gap is the stem (see Harris 1941, Thomas and Harris 1960). The leaf is called 
Nilssonia, a large genus with species occurring in most floras from the Rhaetic to the 
Middle Cretaceous, sometimes in great abundance. It is again a fairly large leaf of 
basically pinnate construction as in the Recent Cycads, but it looks rather unlike any 
Recent Cycad and it was formerly not thought to be specially close to them. For one 
thing, the lamina is attached to the very top of the midrib instead of being towards the 
sides, and for another the lamina is rather differently segmented and often divided so 
irregularly as to look pathological. Recent Cycad leaves delight formal gardeners by 
their regularity. Then the cuticle, though of Cycad type, is thinner than usual. 

Beania, the female cone, was described from excellent specimens a century ago; in 
fact the first figure dates from 1835 and Carruthers’s account that gave the name in 
1869 was sensible and compared it properly with a Cycad cone, but after that progress 
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was arrested and only very gradually did different people contribute crumbs of informa- 
tion from much less good specimens, mostly isolated seeds of half a dozen species. The 


final synthesis for which I was responsible in 1941 was thus largely a compilation. The | 


reason why Carruthers’s account was not fully accepted was in the first place the cone, 
although fundamentally like certain Cycad cones, does not look like one, being far less 
compact, and secondly that he did not give any considerable supporting details. It was 
just one of many hopeful comparisons and the fact that it happened to be supportable 


failed to convince until that evidence appeared. I give a restoration of the type species || 
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TEXT-FIG. 1. Left, diagram of seed of Beania gracilis showing parts so far demonstrated by maceration. 
Right, generalized diagram of a Recent Cycad seed. 


of Beania which differs only slightly from the best specimens, so excellent are they. 
Several Cycad genera have cones like this except that they are compact; in fact, the 
Beania fruit is only technically a cone, it is more like a loose bunch of dates on their stalk. 


It is surprising how much structure a compressed seed will reveal when subjected to | 


the ordinary method of destructive maceration; that is to say, slow and uneven destruc- 


tion which can be stopped when you will. The Beania seed (text-fig. 1) shows four || 
distinct cuticles and, with ordinary care, these can be seen in their relative positions. || 
Underneath the outermost cuticle there is a partly disorganized tissue in which scattered | 


fibres occur; and this clearly corresponds to the more or less edible flesh of a Cycad 


seed, and inside that is a compact woody layer, corresponding to the hard stone. All | 


these layers can be matched fully in Recent Cycad se2ds (text-fig. 1). 

This is all routine study and ordinary comparison, but I must make a confession. 
When you have found out all you can hope to see and have interpreted all visible things 
in a satisfactory way, however sensible it may be to stop, you make a great mistake if 
you do so. Several times I have gone on blindly, just macerating further seeds without 
any plan and presently new information appears, perhaps in the twentieth seed, or as 


with some Caytonia seeds after a few hundreds. For some reason occasional specimens: 
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are rather differently preserved and show a feature clearly that is usually so obscure as 
to be missed. With the Beania seed some of this information could have been hoped for, 
but as it happens is seldom available. For instance, in a cavity at the top of one of the 
inner cuticles called the nucellus, I was able to find pollen grains. They are just where 
they would be expected in a Cycad seed some time after pollination and they have burst 
widely, again as expected, so that although the rather fantastic method of pollen 
development of a Cycad has not been fully observed in Beania, the limited facts are 
fully consistent with it. 

The other observation is of an unpredictable sort. In a few macerated seeds, tiny 
woody strands are seen sticking to the inner cuticle of the integument (that is inside the 
stone of the seed). Such strands occur in exactly this position in Recent Cycads but it is 
not to be expected that they would be seen in Beania because they ordinarily decay 
readily and, even if they do not, maceration destroys them. Here maceration reveals 
them. It seems that they are casts of tracheids, some sort of resinous matter has impreg- 
nated the tracheid walls and showed up their characteristic cast. Need I say the supply 
of Beania seeds gave out before I learnt any more? 

I was lucky to have a series of Beania cones of various sizes, some of my collecting 
but most collected by Dr. Hamshaw Thomas nearly fifty years ago. It seems that the 
Beania plant like many plants today shed a lot of its fruits at early stages. When this 
happens, it is convenient for the fossil botanist because the abortive specimens provide 
him with a series of young stages reflecting the normal course of development more or 
less perfectly. The fact these young cones are loose shows that the Beania cone is loose 
all its life, and not like the cones of some plants which are at first compact but later on 
become loose through the elongation of the cone axis; this elongation making it easier 
for the seeds to be shed. In the female cones of Recent Cycads, the cone is compact 
almost all its life. It elongates a little just at pollination time when the scales draw apart 
leaving small gaps which admit pollen to the seeds, but then it becomes hard and com- 
pact again and it remains compact until it is ripe when the cone again elongates a little, 
making it easier for the animals that eat and distribute the seeds to tear it open. The 
difference is only one of proportions but it is considerable. Anyone familiar with fir 
cones would call the female cone of the Recent Cycad, Encephalortos, for example, a 
‘cone’, but he would hardly call the Beania cone a ‘cone’ at all. He might rather compare 
it with a number of dates or currants on their stalk, and I suggest that it has a flexible 
stalk and hung from a tree branch instead of being borne stiffly erect on a stalk which 
raises it above the crown of leaves. 

The male cones of this plant which are certain species of the old composite genus 
Androstrobus were only recognized recently. This is not so much because it is rare as 
because it makes an untidy fossil. Anyone who has collected plants where they are 
abundant as in a coal-measure tip will have been forced to select the best. You reject 
duplicates and you reject the innumerable black bits that mean nothing and you go on 
rejecting them until one forces itself on your attention as a definite thing. These par- 
ticular male cones reveal a good deal of structure and show half a dozen features 
characteristic of Cycad male cones. They differ in two. They have no stalks, but the 
Recent cones are always borne on stout erect stalks which raise them clear of the leaf 
crown. They seem to have been less substantial than the Recent cones, and indeed 
flimsy. I suggest they hung as catkins from tree branches just like the female cones. 
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The seed of Beania is known attached to its cone, but the other organs are all found 
separately and they have been assembled in the usual way, on the evidence of association 
and on the evidence of agreement in structure. The first suggestion came from Nathorst 
early this century who noticed the association of certain seeds with Nilssonia leaves and 
then several others noticed similar association for various different species. It was 
Hamshaw Thomas who first pointed out that there was some structural resemblance 


between Beania and Nilssonia; and since then both association and agreement in structure 


have been noted repeatedly for several species in rocks of different stages of the Rhaetic 
and Jurassic. The structural agreement is most impressive for two Yorkshire species 
where each has its own specific characters running like a label through the suite of organs. 
There are a few bits of clinching evidence which are pleasing, though not important; for 
instance, the same kind of pollen occurs in the male cone as in the seed though that in 
the seed has germinated. 


Proposed reconstruction. I have been slightly unsympathetic about the imaginary stems 
given by others to their restored Cycads, so it is only decent that I should offer one for 
their criticism (text-fig. 2). We can be sure the stem was fairly thick, I mean at least 
2 cm., because the leaf base is broad; it was also bare and not covered with the bases of 
dead leaves like most of the Cycads. This again we know because the leaf base was cut 
off cleanly like the leaves of ordinary dicotyledon trees. In fact, the modern Cycad is 
unlikely to offer a good model. Instead I take a Dicotyledon tree with thick stems and 
large lanceolate leaves; the African Shea Butter tree Butyrrospermum would do, and 
there are many others. The leaves are borne on the young apical parts of the stems and 
behind them are the hanging fruits; we will not follow our model farther since they are 


botanically unrelated. I believe it differs in another respect; the Shea butter grows in. | 


dry country but I think Ni/ssonia must, from its local abundance, have been a dominant 


tree of the Deltaic swamps or else of the river banks. So far as I know, modern Cycads 
never dominate such places. 


OTHER CASES AND SUMMARY 


The final fossil Cycad, which qualifies for inclusion here, is one just described by 
Thomas and myself. This is the assembly of a leaf and a male cone, and each organ 
shows Cycad characters. The leaf is Pseudoctenis lanei and the male cone Androstrobus 
prisma and as usual they are put together on the evidence of association, in three 
Yorkshire localities, and on agreement in cuticle structure. In one respect it proves a 
little disappointing: it shows nothing at all new. The leaf looks exactly like the leaf of 
several Recent Cycads and agrees very well too in cuticle; and the rather massive male 
cone could be matched by a bit of the male cone of almost any Cycad. In the absence 
of any further information, it would be ridiculous to assert that the whole plant agreed 
with these living Cycads, but it could well be that it does. 

There are indeed a great many leaves and some other fossils which have been classified 
as Cycads in the strict sense and on grounds which I would regard as reasonable. Some 
look very like the Recent plants, others are rather obviously different and the evidence 
that they are Cycadean is usually a Cycad-like stoma. Fossil leaves must be described 


even though nothing more is known about the plant, and they need classification if only 
for convenience, whether they are known merely from the coarsest facts of gross form, . 
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or with fine microscopic details. It does not matter much if the classification is right, so 
long as it is reasonably stable and widely accepted. Indeed the improved classification, 
which results from microscopic study, is chiefly improved in being more nearly botanic- 
ally correct; to those who will not bother to use a microscope it must be a perfect 
nuisance. 


TEXT-FIG. 2. Restoration of plant bearing Nilssonia tenuinervis and Androstrobus wonnacotti (left) and 
young and old cones of Beania mamayi (right). The stem is imaginary. 


A good many genera of leaves seemed so convincingly like living Cycads when first 
described that they were named after them, but curiously enough most of these have 
proved to belong to the Bennettitales. The genera about which we now feel more con- 
fident (I think of those mentioned here and also such leaves as Ctenis) are not specially 
similar in gross form, though they agree well in fine structure. But such confidence 
about an isolated leaf merely means that the limited evidence we have points in a 
certain way and, even though many agree about it, the position remains the same. Are 
such leaves as Ctenis truly Cycadean?, this means are their undiscovered reproductive 
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organs and stem sufficiently Cycadean to be fitted into the general Cycad mould? I 
expect some will, but I sincerely hope they will not all, or else we should have reached 
the stage in Mesozoic Palaeobotany when no surprises remain. 

I will now summarize. The fossil Cycads consist of a good many genera of isolated 
organs classified on more or less good evidence as Cycadales, a very few genera with 
two known organs and one genus with more than two organs. If we are right in our 
synthesis of these plants with two or more organs, and also right in our present classifica- 
tion of, say, half of the isolated organs (and I think it unreasonable to hope for more), 
then we can say that by Jurassic times the family had probably completed its evolution. 
It looks as though what happened since was the progressive extinction of important 
genera and with extinction the impoverishment of the whole family. The nine genera 
living today are usually placed in two subfamilies, one with Cycas, the other with the 
remaining eight. Both subfamilies were then differentiated, but there was also Nilssonia 
which is worthy of a subfamily of its own; there is nothing to suggest whether there are 
or are not other subfamilies. The known Jurassic genera are no more primitive than the 
living ones and they do not help at all in linking the Cycadales with any other family, 
and for this link one looks first at the Pteridosperms. If we are to find progressive 
evolution it must be before the Jurassic. 


GENERAL CONCLUSIONS 


Then I have some general points. I chose the Cycads to illustrate the aims of fossil 
botany today, but other families would have served instead. 
The first point is that in fossil botany we have very broken knowledge. We have 


separate bits of knowledge about a very large number of separate bits of plants. These 


separate bits are the ones to which the fossil botanist gives names. Until recently the 
great majority were the names of leaf species, but now there is an uncontrolled flood of 
pollen-grain species. I have described quite a number of these one-organ species myself 
and they are useful and necessary, but their use is almost entirely for the geologist, 
chiefly as potential zone fossils. Botanically, they are not much good at all. To be sure 
they are classified, say as Cycads, and when classified are used as evidence that the 
Cycad family was represented at that time. Then their classification being accepted, 
morphologists consider them and use them as stages of evolution; but is the classifica- 
tion right? I am now sure that something like nine-tenths of the genera made by the 
older authors, who gave names implying Cycad affinity, are either mistakenly applied or 
very doubtful. Why should the ones that I put out hopefully and with an equal feeling of 
confidence prove right? 

My second general point is that the great botanical need is to put together plants out 
of these organ species. Even a plant with only two known organs is of immensely greater 
value than the organs taken separately, and after this every item of additional informa- 
tion enhances the value of the whole. In the end, as we approach the whole plant, we 
get a thing which we can discuss in just the same way as the morphologist discusses his 
plants: he may consider single organs but he has the whole plant firmly in the back- 
ground. To be sure there is a drawback; the synthesized fossil plant is the product of 
an argument based on circumstantial evidence and there is a risk of error. But as fossil 
botanists know, they have the risk of error always with them. 


TOM M. HARRIS: THE FOSSIL CYCADS 323 


My third point is that such work as a rule needs special material as well as special 
laboratory procedure. A preliminary collection may give you just what you want; but 
more likely it just offers a suggestion. It is the same with a collection made by someone 
else, perhaps years ago. It seldom happens that an early collector knew what specimen 
I should want to answer my problem today. All too often the missing key specimen is a 
small and unattractive fossil organ. Then if you want to use the evidence of association, 
you must go into the field and look and not rely on an uninformed collector. In fact, 
you must collect, work in the laboratory, and then go back into the field and collect 
selectively. There was still the tradition a few years ago that the fossil botanist should 
find his material in a Museum where it had been contributed by a professional collector, 
and I remember twenty years ago being advised by an old man that to try to collect for 
myself was a great mistake. Then, of course, the fossil botanist must be willing to do a 
good deal of hard work in the laboratory and to study the specimens minutely. Some 
may find this a drawback, but I have always found it the most interesting and rewarding 
part of my job. 
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ALGAL GROWTHS IN THE RHAETIC COTHAM 
MARBLE OF SOUTHERN ENGLAND 


by D. HAMILTON 


ApstRACT. The Cotham Marble horizon in the Upper Rhaetic of southern England includes the two well-known 
rocks, Landscape Marble and Crazy Cotham Marble. Previous hypotheses concerning the origin of Landscape 
Marble are listed and the widely quoted gas-bubble explanation is discussed critically. An algal origin is pro- 
posed for the Landscape Marble, and the Crazy Cotham Marble is shown to be a current-concentrated breccia. 


COTHAM Marble occurs in the Upper Rhaetic Cotham Beds in many localities in South 
Wales, the Bristol district of southern England and southwards through the Taunton 
area to Charton and Pinhay Bays on the south coast. It occurs at one horizon only. Two 
distinct types of Cotham Marble may be present, namely Landscape Marble and Crazy 
Cotham Marble. Landscape Marble (PI. 39, fig. 1), known as a geological curiosity for 
over two centuries, is characterized in vertical section by tree-like structures giving the 
impression of a wooded landscape. Crazy Cotham Marble is made up of an apparently 
jumbled mass of slabs and flakes of muddy limestone set in a matrix of similar lithology. 
Although the two types of limestone usually occur separately, it is not unusual to 
find them intimately associated. 


TERMINOLOGY 


Landscape Marble was originally known as Cotham Stone, the name used by Owen 
(1754, p. 164) in the description of the limestone from Cotham, Bristol, where it is 
associated with Crazy Cotham Marble. Subsequently the alternative names Landscape 
or Cotham Marble and Crazy or False Cotham Marble have gained acceptance. Short 
(1903, pp. 138-9) distinguished seven varieties of Cotham Marble. He proposed that the 
term Cotham Marble should include all these varieties, reserving Landscape Marble 
for the variety with aborescent structures and Crazy Cotham Marble for the flaky 
aggregates. This usage is adopted in the following discussion together with his use of the 
descriptive terms ‘hedge’, ‘trees’, ‘canopy’, and ‘atmosphere’ for the component parts 


of the landscape. From the present reinterpretation it will be seen that the additional . 


ee eer by Short are natural variations of either Landscape or Crazy Cotham 
arble. 


LANDSCAPE MARBLE 


General description. The first description (a very complete one) was given by Owen 
(1754, pp. 163-78) and Landscape Marble has been discussed subsequently by several 
writers. Typically it occurs as well-defined lenses or mounds (PI. 39, fig. 1). The upper 
surface is irregularly ridged or hummocky (PI. 39, fig. 2) and is composed of finely 
laminated material which drapes down the sides of the lens, clearly separating the lens 
from the enclosing muddy sediments. The size of the lenses varies from about 0:3 to 


3-0 metres across and 3cm. to more than 20cm. in depth. The landscape rests on . 


[Palaeontology, Vol. 4, Part 3, 1961, pp. 324-33, pls. 39-41.] 
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laminated muddy limestone which often shows small scale sedimentary structures such 
as scour and fill, sand pockets, and penecontemporaneous deformation structures. The 
landscape itself is composed of (text-fig. 1): 


(a) The “hedge’—a basal dark horizon with many small rising projections. 

(b) The ‘trees’—arborescent structures rising from the hedge. 

(c) The ‘canopy’—finely laminated material bending over the top of the trees and 
forming the ridged top of the lens. 

(d) The ‘atmosphere’—material overlying the hedge, between the trees and below the 
canopy. 


The dark basal horizon is normally continuous and convex upward, being strongly 
convex towards the margins. The convex surface on which it rests cuts across the laminae 


Scale @pprox) O dem. 


TEXT-FIG. 1. Components of Landscape Marble (Diagrammatic). a, ‘Hedge’. b, ‘Tree’. c, ‘Canopy’. 
d, ‘Atmosphere’. 


of the underlying limestone so the whole landscape rises from a low mound of sedi- 
ments. Typically the height of the hedge averages about 5mm. and many small pro- 
jections rise from the upper surface into the atmosphere. The trees rise from the hedge 
and the branches are lobes or pillars that may be directed upwards, laterally or down- 
wards. The tops of the trees become more foliate or bushy. The height of fully developed 
trees is surprisingly constant, about 4 to 5cm. but this often decreases towards the 
margins of the lens. 

The upper surface of the lens has branching ridges and where the sides of the ridges 
are steep the canopy is often broken between them (PI. 39, fig. 1). The ridges occur over 
the arborescent structures so that the latter are not isolated structures but linear, and 
form a reticulate pattern in plan (Short 1903, p. 137). The crowns of some of the trees 
have an arrow-head of laminated material draped over them (PI. 40). The lower edges 
of the arrow-head fall below the general level of the canopy. There is often an ‘uncon- 
formity’ between the laminae of the arrow-head and the adjacent laminae of the canopy 
(text-fig. 1). The canopy is normally present immediately over fully developed trees, but 
where the trees are low a canopy may lie on sediments some distance above the trees 
(PI. 39, fig. 1). Usually, however, the canopy closely overlies the trees. 

Between the trees there is a light blue-grey indistinctly bedded, muddy limestone 
descriptively termed the atmosphere. In this the bedding is often bent upwards adjacent 
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to the trees, sometimes it is horizontal, and Short (1903, Pp. 137) reports that in some 
specimens it slopes down a little. Where the canopy is continuous, successive bedding 
planes can be traced laterally between several trees. Where the canopy is discontinuous 
this cannot be done. In some cases only the upper beds of the atmosphere are disturbed, 
but in others the whole atmosphere may show contorted and inclined bedding (text- 
fig. 1, Pl. 40). Such atmospheres may contain shell fragments, usually concave upwards, 


and small or even large flakes, similar to those forming Crazy Cotham Marble, which — | 


have sunk into the atmosphere (Pl. 40). Some of these flakes bear a hedge. 

Landscape Marble occurs most commonly as a single landscape, i.e. with a hedge, 
trees, atmosphere, and a canopy. In the Bristol area especially it is not uncommon to 
find two or even three landscapes, one on top of the other. Such rocks are called Double 
Landscape Marble (PI. 39, fig. 1) and Triple Landscape Marble respectively. In both 
Double and Triple Landscape Marble the successive landscapes have a lateral extent 
almost corresponding to that of the basal landscape, and they often become increasingly 
convex upwards. 


Previous explanations of the origin. These (reviewed by Short 1903, pp. 139-42 and 
Shrock 1948, pp. 277-9) suggest that the arborescent structures originate from the dark 
basal horizon and invoke either chemical or mechanical processes. 

Short (1903, pp. 142-8) thought the process was chemical accretion, whilst Wood- 
ward (1887, pp. 243-4) and Wells and Kirkaldy (1951, p. 203) suggest mineral infiltra- 
tion. The following mechanical processes have been suggested: rising gas bubbles 
(Owen 1754 and Thompson 1894), squeezing up along lines of breakage (Fisher, see 
Thompson 1894, p. 410), differential subsidence (Woodward 1901, p. xci), shrinkage of 


the canopy (North 1930, p. 174), changes in hydrostatic head (Rettegen 1935, p. 288), — 


and density differences (Nettleton 1936, pp. 92-97). 

Most of these explanations invoke rather special conditions to account for the well- 
defined lenses of Landscape Marble. If Landscape Marble is really confined to one 
stratigraphical horizon these conditions must have been more or less synchronous over 
an extensive area of southern England. Further, in many places as at Cotham, such 
conditions must have recurred at precisely the same spot to form the double and triple 
landscapes. 

Of the above processes the only serious contender, and still the most widely quoted, is 
the gas-bubble hypothesis. In his original description of Landscape Marble Owen 
(1754, pp. 174-8) suggested that the formation of the rock was due to the rise of gas 


bubbles trapped in the basal, possibly carbonaceous layer forming the hedge. The rising - 


bubbles carried up organic material to produce the arborescent structures and deform 
the canopy. Thompson (1894, pp. 401-10) elaborated this idea, suggesting that the gas 
was formed by decomposition of organic matter in the hedge, and that ihe canopy was 


EXPLANATION OF PLATE 39 
Fig. 1. Vertical section through a lens of Double Landscape Marble, showing two landscapes. 
Locality, Cotham, Bristol. Cb 3850, Bristol Museum Coll. 
Fig. 2. Exterior of a lens of Landscape Marble showing branching ridges on the upper surface and the 


canopy draping down the margin of the lens. Locality, Cotham, Bristol. 14238, Geology Depart- 
ment, Reading University. 
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formed by the outflow and spreading of the decomposed material to completely roof in 
the arborescent structures. 

This mechanism raises many difficulties. Pit and mound or gas-pit structures are not 
uncommon in sedimentary rocks from which gas has escaped. Despite Twenhofel’s state- 
ment (1932, p. 682) that pitand mound phenomena could give rise to features similar to 
those displayed in Landscape Marble, no examples of comparable structures known to 
have such an origin have been found in the literature. Gases would carry material 
upwards only on release from moderate pressure. Sucha pressure is unlikely to have been 
attained by burial to a depth of only about 6 cm., the combined height of the trees and 
the canopy. This depth of burial is certain, for the sediments overlying the lenses do not 
show deformation sympathetic with the ridges of the canopy. Thus the ridges must have 
been formed prior to the deposition of the sediments immediately overlying the canopy. 

Further, bubbles would tend to rise from random points, whereas the trees have a 
linear arrangement in plan. Woodward (1892, pp. 110-14), whilst then considering the 
bubble mechanism possible, sought to explain the linear arrangement of the trees by 
the rise of organic material along cracks caused by the partial drying of the lower layers. 
The intimate penetration of even the lower layers of the atmosphere by the arborescent 
structures (Pl. 41) hardly seems compatible with partial drying out of the sediments. 
Further, the pattern of the ridges is not typical of desiccation cracks. 

Owen also attributed the arching of the canopy to the rise of gas bubbles. This pre- 
supposed that the lower layers (the atmosphere) were sufficiently fluid to allow the 
passage of a bubble whereas the upper layers (the canopy) were relatively coherent and 
easily deformed. However, in no specimen examined is there any trace at the top of the 
trees of either the escape of a bubble through the canopy or of a cavity that would 
indicate the position of the trapped bubble. The canopy forms bifurcating ridges and not 
domes as would be expected from the rise of gas bubbles. Furthermore, the supposedly 
deformed canopy is not a normal sedimentary bed for it drapes down the margins of the 
lens (PI. 41, fig. 2) and does not extend beyond it. 

The source of the gas is attributed to decomposing organic matter in the hedge. To 
deform the canopy the generation of gas must either have been delayed until the atmo- 
sphere and the canopy were laid down, or have continued during the deposition of this 
material. In the latter case deposition and deformation would have occurred almost 
simultaneously. 


Organic origin. Curiously, no reference has been found directly suggesting an organic 
origin for Landscape Marble. The lensoid masses with clearly defined margins, in which 
the marble occurs, strongly suggest organic growth. Further, the forms of the hedge, 
trees and canopy are not very different from those normally attributed to algal growth. 
However, Mr. N. E. Butcher, Geology Department, Reading University, has brought 
to the author’s notice, ‘Faunal and Lithological Sequence in the Carboniferous Lime- 
stone Series (Avonian) of Burrington Combe (Somerset)’, in which S. H. Reynolds and 
A. Vaughan (1911) point out the close similarity of the ‘concretionary beds’ of S, and 
Landscape Marble. Dr. F. A. Bather and Dr. G. J. Hinde, who examined the S, speci- 
mens, both suggested that the ‘concretionary beds’ may be due to calcareous algae. 
The implication of these interpretations has apparently been overlooked in discussions 
of the origin of Landscape Marble subsequent to 1911. 
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Microscopic examination of section shows that the hedge is usually tripartite (text- _ 
fig. 2). It consists of: (1) A basal finely laminated horizon, about 1 mm. thick and domed 
on the upper surface (cf. Anderson 1950, fig. 1B). These undulose laminae are super- 
ficially similar to Malacostroma undulosum Gitrich (1906, pl. xix, figs. 2 and 3). 
(2) Cylindrical filaments now filled with clear calcite. These rise vertically from the hori- 
zontal parts of the basal horizon and radially from the domes. These filaments are 
overlain by more bulbous ones. (3) Finely laminated encrusting layers, crowning some | 
of these filamentous structures and forming the projections of the hedge. This encrusting | 
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TEXT-FIG. 2. Structure of the ‘hedge’ (diagrammatic). a, Basal laminated horizon. b, Zone of cylin- 
drical and bulbous filaments. c, Upper laminated layer. d, ‘Tree’. Drawn from a slide. 


layer is apparently similar in structure to the basal horizon (1) and also the canopy over 
the trees. A comparable relationship of algal structures has been noted in Stylophycus by 
Johnson (1940, pp. 587-9). In this growth-form the digitate pillars are covered with 
laminae similar to the basal laminae from which the pillars rise. 

The trees in Landscape Marble usually rise from the basal laminated horizon of the 
hedge and pass through the second layer (text-fig. 2). In some cases, however, they 
develop from the projections of the hedge (Pl. 41). They are thus a complex growth- 
form of the lower laminated horizons. Convex laminae are present in the lower parts of 
the trees and may continue into the lobes, cross-sections of which show concentric 
laminae. Towards the top of the trees there is often a gradual suppression of the laminae 
as the internal structure becomes patchy or ‘flocculent’. These arborescent structures 
bear some similarity to the branching Malacostroma plumosa Giirich (1906, pl. xviii, 


EXPLANATION OF PLATE 40 


Flakes of Crazy Cotham Marble penetrating Double Landscape Marble. Algal growths encrust some 
of the flakes and those on the largest flake give rise to arborescent structures. Locality, Cotham, 
Bristol]. Cb 4128, Bristol Museum Coll. : 
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fig. 1), though in Landscape Marble they are more tree-like. They are notably more 
complex than any of the growth-forms described by Anderson (1950, pp. 5-28). 

The canopy is an encrusting algal deposit. It is finely laminated with a flocculent 
structure between the laminations and appears to be similar to M. concentricum Giirich 
(1906, pl. xix. figs. 2 and 3). The relation of the trees to the canopy is shown in Pl. 41, 
where laminae of the canopy are seen to be continuous with the structure of a tree. 
Girich showed that M. concentricum and M. plumosa are often associated (1906, 
pl. xvii, fig. 1, pl. xxii, fig. 2) but he considered these to be two separate forms. The laminae 
of the canopy in Landscape Marble are most continuous in the upper portions where 
they can be traced over many ridges to form a sheet blanketing the algal colony. The 
arrow-heads which penetrate the canopy from below (text-fig. 1, and Pl. 40) suggest that 
the crowns of the trees were colonized first to form separate canopy ridges. Only sub- 
sequently did the canopy spread over the adjacent ridges (text-fig. 1) probably after 
sedimentation had bridged the gap between the trees. The more even and continuous 
canopy is therefore a later growth stage than where the ridges are separated by deep 
depressions. 

Where the canopy developed as a continuous sheet it protected the bedded sediments 
below. In such atmospheres, the up-turned bedding planes adjacent to the trees may be 
due to the growth of the arborescent structures and/or compaction and lithification. 
Discontinuities in the canopy may be due either to rupturing of the sheet after its 
establishment or to incomplete development of the algal sheet between the ridges. The 
two cases are easily distinguished. Ruptured edges are often irregular and the laminae 
end abruptly at the break (text-fig. 1). Natural growth edges of the canopy are smooth 
and the laminae fuse at the margin. Where the canopy ridges remained separate the 
spaces between the trees were open continuously to sedimentation of clastic and bio- 
clastic material (Pl. 40). 

In this figured specimen (PI. 40) the large flakes penetrate the lower landscape of 
Double Landscape Marble and are colonized by an algal growth similar to the hedge. 
Encrusting growths may cover the tops, bottoms, and sides of some flakes. Perhaps 
algae colonized these flakes prior to their settling into the atmosphere. However, the 
growth of mature arborescent structures from the large flake shown in this figure sug- 
gests the growth of algae after the flakes had entered the atmosphere. Often the hedges 
and trees on flakes encrust the upper ends of the flakes, that is the portion probably 
standing above sediment level. Development of an arborescent habit is, in all probability, 
the response to further deposition of sediment. A similar response would account for 
the development of both the projections on the hedge and the arborescent structures in 
typical Landscape Marble. 

One further feature of the canopy suggests an algal growth-form. Several specimens 
have been found showing sedimentary material filling small depressions on a former 
surface of the canopy. The sediment has later been covered by continuous laminae 
extending into the canopy (text-fig. 1). The light patches (right of centre in the upper 
canopy of Pl. 39, fig. 1) originated in this way (as also the divided canopy on the lower 
right of the same specimen). 

The convexity of both the hedge and the lens as a whole has been noted above. That 
of the hedge is determined by the convex sedimentary surface on which it grew. This is 
probably an eroded surface for it truncates the bedding of the underlying limestone. 
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Apparently algae colonized such mounds selectively. In many cases the convexity of the 
lens as a whole is increased towards the margins by the diminution in height of the trees, 
as in the lower landscape of Pl. 39, fig. 1. Anderson (1950, p. 12) refers to the marked 
convexity of many algal colonies. He states: 


It has been demonstrated that the rate of secretion or precipitation of CaCO; by modern algae is 
dependent on light intensity (Berthold, 1882, p. 419) so that once the convex form is established, the 


tendency is for the convexity to become more acute, i.e. for the growth to be vertical rather than lateral. 


This fact that CaCO, precipitation usually takes place more rapidly in the vertical axis of the colony 
provides one criterion by which these organic growths can be distinguished from inorganic structures. 


This helps to explain the increasing convexity towards the margins of many lenses of 
Double and Triple Landscape Marble. Further it has already been noted that the suc- 


cessive landscapes in these forms are similar in size to the basal landscape. The extent of | 


the basal landscape sets a limit to the size of successive landscapes for these are out- 
growths of the immediately underlying canopy (Pl. 39, fig. 1). In such cases the later- 
formed hedge differs from the basal hedge in having no cylindrical or bulbous filaments. 
The change in habit from canopy to hedge was brought about probably by a change in 
the rate of sedimentation. 

On page 11 of the same article Anderson states: 

Regarding the simple growth-forms . . . it is clear that they have very different survival values ... 
the following points become evident .. . that the encrusting sheets possess maximum stability but are 


most vulnerable to burial; that the conical, cylindrical and branching types are most likely the response 
to a muddy habitat, but are unstable, and therefore probably lived in comparatively quiet waters. 


The closely bedded muddy limestone of the Cotham Marble horizon also suggests the 
general prevalence of quiet water during growth of the algal colonies. Currents, how- 


ever, did occur, for channels are fairly common in this horizon and Crazy Cotham > 


Marble was obviously formed by current action. 


CRAZY COTHAM MARBLE 


In spite of the several different explanations advanced to explain the origin of Land- 
scape Marble there has been no such divergence of views concerning the origin of Crazy 
Cotham. Short (1903, p. 148) interprets the flakes as chemically formed layers later 
broken by disturbed water conditions. 

The flakes are blue-grey muddy limestone weathering like Landscape Marble to a 
buff colour, and set in a matrix of muddy to sandy limestone. Sometimes the flakes 


found in a specimen have their long axes aligned, in subparallel fashion, in the major. 


bedding plane. In these specimens the size of the flakes is often fairly uniform. The 
flakes frequently stand edgewise, displaying a fan-shaped arrangement in vertical sec- 
tions normal to their long axes. Examination of such sections reveals the typical features 


EXPLANATION OF PLATE 41 


Structure of the algal growths in Landscape Marble. Laminae of the canopy rise from the right-hand 
margin of the arborescent structure. Growth has been arrested at this stage by the influx of clastic 
sediment (top) which has buried the algae. The hedge is atypical for there are few basal laminae 
and few bulbous structures overlying the lower cylindrical filaments. The landscape encrusts a 


flake, Locality, Lady Hill Road Cutting, Newport, Mon. 14277, Geology Department, Reading 
University. 


PLATE 41 
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of eroded channels filled with channel-deposits. The flakes are aligned lengthwise along 


the channels and penetrate the formerly soft sediment of the channel bottom. The fan- 
shaped arrangement may be inverted or uprig 


ht. The inverted arrangement (i.e. con- 
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TEXT-FIG. 3. The fan-wise arrangement of flakes of Crazy Cotham Marble in channel fillings. 
A, Inverted fan-wise arrangement. B, Upright fan-wise arrangement. Diagrammatic reconstructions, 
A from 14239, Aust Cliff, B from 14240, Long Ashton, Bristol. 


vergence towards the top) was produced by splaying outwards of aligned flakes sinking 
edgewise through the watery sediments in a more or less completely filled channel (text- 
fig. 3A). The upright fan-wise arrangement (text-fig. 3B) was apparently formed by the 
accumulation of flakes in more open channels. The channel shape and the current in it 
controlled the arrangement of the flakes. 
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In both the above arrangements, the flakes probably fell edgewise from above or over 
the side into the channel, were held by the soft channel-fill and responded like a wind- 
vane to the currents. Not all flakes in channels are aligned in this fashion. In some speci- 
mens the flakes show varying degrees of imbrication, resulting from the rolling of flakes 
in the channel. Probably alignment parallel to the current persisted only in weak currents 
whilst faster currents produced imbricated deposits. 

As already noted, Crazy Cotham and Landscape Marble may be associated (Pl. 40) 
for clastic flakes are often trapped between the ridges and lenses of Landscape Marble. 
Colonization of the Crazy Cotham Marble flakes by a hedge is common but not universal. 
Short (1903, p. 139) stated that trees never develop from the hedge on Crazy Cotham 
Marble. However, specimens collected from Pinhay Bay and the specimen illustrated in 
Pl. 41, show a well-developed landscape rising from Crazy Cotham Marble. 

There can be no doubt that the flakes have a mechanical origin and the similarity of 
their lithology to the enclosing sediments suggests a penecontemporaneous origin from 
a nearby source. They must have been partially lithified before transport for they retain 
sharp edges, often penetrate soft sediments and may damage the algal growths in 
Landscape Marble. Probably the flakes were formed by the drying out of exposed 
sediment. This is supported by the following characters of the flakes: they have ap- 
proximately the same thickness, a smooth upper and an irregular lower surface and some 
are bent (Short 1903, p. 148). The dried flakes were then concentrated by currents to 
form mud-flake breccias. Anderson (1950, p. 12) observes that the association of breccias 
and algal beds is quite common. 


CONCLUSIONS 


Landscape Marble is evidently a biohermal association of algal growth-forms. The ~ 
hedge, trees, and canopy all have an algal origin, being the structures formed by sedi- 
ment-binding algae. Probably the bioherms were restricted to a geographical zone (cf. 
Black 1933, p. 169, Rezak 1957, pp. 145-6) and the features strongly suggest an inter- 
tidal environment. Without further information it is not possible to decide if they were 
strictly coeval throughout the area of outcrop. 

Crazy Cotham Marble has a mechanical origin. As the Rhaetic includes much 
shallow-water sediment it is probable that exposure and drying out took place at 
different times and places. Hence the presence of Crazy Cotham Marble in itself cannot 
be taken as evidence of coeval strata without other supporting evidence. Indeed, com- 
parable structures have been noted in the Westbury Beds at Sedbury Cliff. 
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LOWER PALAEOZOIC CORALS FROM 
NEW SOUTH WALES 
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Apstract. A collection of corals from an area of some 30 square miles near Wellington, in central-western 
New South Wales, is described. These comprise twelve rugose and sixteen tabulate species from stratigraphic 
horizons, ranging from probable Upper Ordovician to Lower or Middle Devonian. Species of the rugose genera 
Phaulactis, Entelophyllum, Disphyllum, Palaeophyllum, Tryplasma, Nipponophyllum, and Coronoruga gen. nov., 
and the tabulate genera Heliolites, Propora, Favosites, Multisolenia, Striatopora, Acanthohalysites, Halysites, 
Schedohalysites, Falsicatenipora, Quepora, and Syringopora are described, and three new species are erected. 


THE corals described in this paper were collected from a number of localities and hori- 
zons in the parishes of Mumbil and Narragal, on the Bell River some 8 miles south of 
Wellington (see locality map, text-fig. 1). The area is on the central-western slopes 
of New South Wales, about 240 miles by road from Sydney. 

Joplin (1952) has summarized previous stratigraphic work on the Molong—Wellington 
region. From the area dealt with in this paper, Etheridge (1907) recorded Pseudamplexus 
princeps (Eth.) from *. .. Por. 29, Parish Narragal, Molong District, County Gordon; 
east side of Por. 5, Parish Mumbil, County Wellington .. .’. This species has been 
regarded as a Lower and Middle Devonian indicator, but both the above localities are 
now known to be of Middle Silurian age. However, the reliability of Etheridge’s refer- 
ence is uncertain, as the actual specimens are not listed. Hill (1942) lists ?Aulacophyllum 
sp. from Portion 105, Narragal Parish. This also is in Middle Silurian limestone. She 
also lists three other localities of Silurian age, all to the north of Wellington. This is the 
only palaeontological work to date. 

In 1952 very few Ordovician graptolite localities were known in central-western New 
South Wales. Since then, however, many have been discovered, often in tuffaceous 
rocks. Sherrard (1954) contains a complete list as then known, and many more have 
since been found. It appeared from this that the andesitic tuffs and lavas placed by 
Joplin (1952) in the Middle Silurian, as the Nanima Formation, were all of Ordovician 
age. Work by the author during 1958, and by Mr. K. J. Kemezys during 1959, has 
shown that some of these rocks belong to a separate formation, within which the 
Siluro-Devonian boundary must lie. 

The stratigraphy and structure of the area under consideration are shown in text-fig. 1. 
The Upper Ordovician—Lower Silurian rocks consist of heavily albitized andesitic and 
basaltic lavas and pyroclasts, detritus from these, together with some limestone lenses 
(particularly in the Oakdale anticline). The Ordovician graptolites (locality G, text-fig. 1) 
found and identified are Climacograptus scharenbergi Lapworth, Orthograptus truncatus 
var. intermedius Elles and Wood, and Dicellograptus sp. cf. elegans var. rigens Lapworth. | 
These correspond to the zone of Dicranograptus clingani in the British succession (Elles 
and Wood 1913). Two unidentifiable diplograptids were also found near locality 247. 

No usable graptolites have been found in association with the limestones in this area. 
Dr. G. H. Packham (in press) has found a similar sequence of lavas and sediments with. 
|Palaeontology, Vol. 4, Part 3, 1961, pp. 334-61, pls. 42-45.] 
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thin limestone bands, some distance to the south, 5 miles north-west of Euchareena 
(locality ‘Molong b’ in Sherrard 1954, p. 83). The graptolite fauna here contains Climaco- 
graptus bicornis (Hall), ?C. scharenbergi Lapworth, Orthograptus sp. cf. apiculatus 
(Elles & Wood), and ?Lasiograptus harknessi (Nicholson). These Sherrard places in the 
zone of Climacograptus peltifer. From this it would seem probable that no deposition 
occurred in the Lower Silurian, the lowermost formation being wholly Ordovician 
in age. 

The overlying massive and detrital limestone contains, in a rich fauna, Phaulactis 
shearsbyi (Siissmilch) and Entelophyllum latum Hill, which elsewhere occur in the Wen- 
Jockian and Ludlovian (Hill 1940). Halysitids have been found in the base of the lime- 
stone; other accurately dated New South Wales limestones with a halysitid fauna do 
not extend above the Llandoverian. The age of the main limestone in the area probably, 
therefore, extends from the topmost Llandoverian through most or all of the Wenlockian. 

Above the limestone is a succession of shales. Near the base is an horizon of grey 
chert containing Monograptus bohemicus (Barrande); this Lower Ludlovian horizon 
places the top of the limestone at about the Wenlock—Ludlow boundary, and a limestone 
lens just above the chert (locality 260) as Ludlovian. 

A few corals, and Atrypa sp., were found in limestone lenses in the overlying andesitic 
rocks, but proved to be of no stratigraphic use. Above these rocks is a series of cal- 
carenites and shales. Their stratigraphic position and limited fossil content suggested 
a Lower Devonian age, but this could not be proved. However, to the west of Welling- 
ton, in a belt extending south to Molong, are limestones, calcarenites and shales—the 
Garra beds (Joplin 1952), which are Lower and Middle Devonian in age. During 1959 
the author, working in Curra Creek, 9 miles to the west (text-fig. 1), discovered a succes- 
sion of andesitic tuffs and detrital rocks (many closely resembling those in the Mumbil 
area) which passed conformably upwards into the Garra beds. This suggests that the 
calcarenites in the Mumbil area are equivalent to the Garra beds, while the volcanics 
straddle in time the Siluro-Devonian boundary. 

The described fauna, in ascending stratigraphic horizons, is: 


1. Upper Ordovician or Lower Silurian. Rugosa: Palaeophyllum rugosum, Tryplasma lonsdalei, T. 
derrengullenense?, Nipponophyllum sp. aff. giganteum. Tabulata: Heliolites daintreei, group 4, Propora 
conferta, Favosites gothlandicus, Multisolenia tortuosa, Acanthohalysites australis, Schedohalysites 
orthopteroides, Halysites lithostrotonoides, H. sp., Falsicatenipora chillagoensis, Quepora bellensis sp. 
nov., Syringopora sp. 

2. Base of the Middle Silurian Limestone. Rugosa: Phaulactis shearsbyi, Palaeophyllum sp. nov.? 
Tabulata: Heliolites daintreei, group 4, Propora conferta, Multisolenia tortuosa, Acanthohalysites 
australis, Syringopora sp. 

3. Middle Silurian. Rugosa: Phaulactis shearsbyi, Entelophyllum latum, Tryplasma lonsdalei, T. 
wellingtonense, T. columnare?, Nipponophyllum multiseptatum sp. nov., Coronoruga drip stonense gen. et 
sp. nov. Tabulata: Heliolites daintreei, groups 1 and 4, Propora conferta, Favosites allani, F. goth- 
landicus, Striatopora sp., Syringopora sp., Sp. Nov.? 

4. Upper Silurian. Rugosa: Disphyllum sp. ? aff. floydense, Tryplasma lonsdalei. 

5. Siluro-Devonian (Volcanics). Rugosa: Tryplasma derrengullenense? 

6. Lower Devonian. Rugosa: Tryplasma derrengullenense?. Tabulata: Heliolites daintreei, group 3, 
Favosites gothlandicus?, F. sp. 

In the following pages the term ‘variety’ is used only when erected previously; its meaning in each 
case is that of the original author. For simplicity, R. Etheridge, jun., has been referred to as ‘Etheridge’. 


336 PALAEONTOLOGY, VOLUME 4 


TERTIARY BASALT 
ROAD ==<— 


MAIN WESTERN RAILWAY 


65 


LOWER DEVONIAN SHALES 


(ea 
LOWER DEVONIAN CALCARENITES O) gr 
iy 
wm ft 


FOSSIL LOCALITY ® 
SILURO~ DEVONIAN 


UPPER ORDOVICIAN <6 
GRAPTOLITES 


UPPER SILURIAN 
DIP & STRIKE of BEDS Ai 


= _ ANTICLNE AY 
Seema 
? \ A 


M. bohemicus 
HORIZON 

MIDDLE SILURIAN 
LIMEST ONE 


UPPER ORDOVICIAN 
LOWER SILURIAN 


Cee iN ? U1 Wie 
mes ANTE TTT LL | JO MAGNETIC 
OAKIDALE NITIES NORTH 
NTR ee 
ee ee 


\\ 
| | Xe 
ate 
mie 
| 
| 
| \; 
| KX 

| 
\ 
} @ DUBBO 
rt \ WELLINGTON 
\ "MUDGEE a | S 
near ‘WELLINGTON |? 
*MOLONG XN q 8l 
COST ar a sail 10} \, 
ey re 
7 NC 

' SyioriPs TONE 

TN 

{ N 

Sar to 
*GOULBURN S ‘ 
eyASS Way 3/63 MUMBIL 
LES r i 75) 
O° 25 «50 i N 
a ——) / 
© 2 4] to MoLoNG 'g77>>/ , 
_ LOCALITY MAPS - 


TEXT-FIG. Il. Geological and locality maps. The inset locality maps show the position relative to 
Wellington, and in New South Wales. Ruled area on locality map shows the position of the area studied. 


‘Locality’ is abbreviated to ‘loc.’; the numbers used are shown in text-fig. 1, and are the specimen 
numbers used during field work. Specimens with numbers prefixed by ‘USGD’ are housed in the 
Department of Geology and Geophysics, University of Sydney. The author would like to thank Pro- 
fessor C. E. Marshall for allowing use of his department’s facilities, and Dr. G. H. Packham, Dr. P. J. 
Coleman, and Mr. F. G. Larminie, all of Sydney University, for much help, advice, and information, 


and for criticizing this paper. Dr. Dorothy Hill, of the University of Queensland, gave valuable advice 
regarding Palaeophyllum and Coronoruga. 
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SYSTEMATIC PALAEONTOLOGY 


Order RUGOSA 


Suborder STREPTELASMATINA Wedekind 1927 
Superfamily ZAPHRENTICAE Edwards and Haime 1850 
Family HALLIIDAE Chapman 1893 
Subfamily LYKOPHYLLINAE Wedekind 1927 
Genus PHAULACTIS Ryder 1926 


Type species Phaulactis cyathophylloides Ryder 1926. 
Phaulactis shearsbyi (Siissmilch) 1914 
Plate 42, figs 1, 2 


1904 Cyathophyllum shearsbyi Etheridge 1904a, footnote, p. 288 (nom. nud.). 

1914 Cyathophyllum shearsbyi Siissmilch (ex Etheridge MS.), pl. 148, facing p. 44. Limestone 
Creek, Bowning district; Upper Silurian (Barrandella Shales). 

1920 Cyathophyllum shearsbyi Siissmilch; Chapman, p. 183, pl. 18, fig. 7; pl. 19, fig. 9. 

1935 Phaulactis shearsbyi (Stissmilch); Hill, p. 507, fig. 18d. 

1936 Hercophyllum shearsbyi (Siissmilch); Jones, p. 54, pl. 5, figs. la-g; pl. 6, figs. 1a—g; pl. 7, 
figs. 1h-i, 2. 

1940 Hercophyllum shearsbyi (Stissmilch); Hill, p. 403, pl. 12, figs. 8, 9. 

1942a Hercophyllum shearsbyi (Stssmilch); Hill, p. 7, pl. 2, fig. 4. 


Material. USGD 10179 (PI. 42, fig. 1), locality 59; USGD 10185, loc. 65; USGD 10204 (PI. 42, fig. 2), 
10215, 10220, loc. 73; USGD 10281, loc. 198; USGD 11203,-04, loc. 284, Middle Silurian. 


Definition. Septa attenuate in dissepimentarium, but dilated at first in tabularium, dila- 
tion decreasing from axis outwards during ontogeny, with one early reversal; major 
septa reach or almost reach axis, and are gently curved; tabularium wide, with gently 
domed tabular floors, usually of large tabellae; dissepiments small, regular, frequently 
geniculate. (After Hill 1940.) 


Description. The specimens examined are typical of the species. USGD 10215 was the 
largest corallite collected, being 30 mm. in diameter. The septa are numerous—e.g. 
USGD 10179 has ninety-four—and thin, some bearing poorly developed zigzag carinae 
peripherally (USGD 10204, 10179). The major septa interfinger slightly at the axis, and 
are a little dilated in the tabularium, this dilation decreasing towards the axis. The minor 
septa extend to the edge of the tabularium, and are half to two-thirds the radius in 
length. The tabellae are highly irregular, generally sagging. 


Remarks. This species, with Entelophyllum latum Hill, has so far proved an excellent 
indicator of the Wenlockian and Ludlovian. It is distinguished from EF. latum by the 
axial interfingering and slight twisting of the septa, and the lack of a series of flatly 
arched tabellae at the outer margin of the tabularium. 


Family ARACHNOPHYLLIDAE Dybowski 1873 
Subfamily ARACHNOPHYLLINAE Dybowski 1873 
Genus ENTELOPHYLLUM Wedekind 1927 


Type species by subsequent designation Lang, Smith, and Thomas 1940: Madreporites articulatus 
Wahlenberg 1821. 
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Entelophyllum latum Hill 1940 
Plate 42, figs. 3-5 


1940 Entelophyllum latum Hill, p. 413, pl. 13, figs. 8-10. Glenbower, Yass; Silurian (Middle?). 
1942a Entelophyllum sp. Hill, p. 4, pl. 2, figs. la, b. 
Material. USGD 10212 (PI. 42, figs. 3-5), loc. 73. Middle Silurian. 


Diagnosis. Entelophyllum with numerous thin septa and with axial structure so wide as 
almost to fill the tabularium (Hill). 


Description. Solitary, with a diameter of 40 mm. There are 102 long septa, the major 
septa slightly withdrawn from the axis, and the minor septa about two-thirds as long 
as the major, extending to the inner edge of the wide dissepimentarium. The septa are 
thin, with zigzag carinae, and there appears to be a small fossula formed by slight - 
deflection of a few major septa within the tabularium (PI. 42, fig. 4). Dissepiments small, — 
globose, and extremely numerous. Tabulae irregular, mostly incomplete, sagging axially, 
surrounded by a zone of arched tabellae. The calice is wide and deep, with very steep 
sides, and with a low, wide, slightly concave axial boss formed by the tabellae and 
tabulae. 


Remarks. This specimen differs from the holotype in possessing carinate septa and what 
appears to be a small fossula. Hill (1942a) has described ‘Entelophyllum sp.’ from the 
Gordon River in Tasmania, which is distinguished from E. /atum s.s. only in possessing 
carinate septa as in USGD 10212. Hill (1942qa) states that *... E. latum, .. . is without 


EXPLANATION OF PLATE 42 


Figs. 1, 2. Phaulactis shearsbyi (Stssmilch). 1, Longit. sect. of USGD 10179, showing irregular tabellae 
and septa. Loc. 59. x1-:7. 2, Transv. sect. of USGD 10204. Note recrystallization. Loc. 73. 
x 1-4. 

Figs. 3-5. Entelophyllum latum Hill. Transv. and longit. sects of USGD 10212. 3, The septa are 
slightly withdrawn from the axis, as opposed to Phaulactis shearsbyi (fig. 2), where they intertwine. 
Loc. 73. 0-9. 4, Detail of fig. 3, showing fossula, as indicated by curving of the septa. x2°8. 
5, Showing calice. 0-9. 

Fig. 6. Disphyllum sp. aff. floydense (Belanski). Transv. sect. of USGD 11186. The blurred features, and 
possibly the darker patches peripherally, are due to heavy recrystallization. For longitudinal section, 
see text-fig. 2. Loc. 260. x 4:1. 

Figs. 7, 8, 15. Palaeophyllum rugosum Billings. Longit. and oblique transv. sects. of USGD 10240. 
7, Note budding corallite (quadripartite, peripheral), upper right. Upper Ordovician (possibly basal 
Silurian), loc. 122. x 1:2. 8, Tabulae have down-turned edges, and sag slightly axially. Note rare. 
small tabellae. x 3-7. 15, Note occasional incomplete tabulae. x 1-2. 

Figs. 9, 17. Coronoruga dripstonense gen. et sp. nov. 9, Longit. sect. of paratype USGD 11103. The 
epitheca has been removed but there remains a suggestion of the variation in diameter shown by 
other sections. x 1:2. 17, USGD 11215, paratype, loc. 229. 

Figs. 10, 11. ?Tryplasma columnare Eth. Longit. and transy. sects. of USGD 11197. 10, Note septal 
spines on right-hand wall. Middle Silurian limestone, loc. 280. 10, x 1:7; 11, x 1-5. 

Figs. 12, 13. 7. lonsdalei Eth. 12, Transv. sect. of USGD 10186. As is common, the septa appear as 
short lamellae. Loc. 62. x3-6. 13, Transv. sect. of USGD 10201, showing transected septal spines. 
OCH Same aL0: 

Fig. 14. 7. derrengullenense? Eth. Weathered specimen from flow breccia in ? Lower Devonian vol- 
canics; USGD 10223, loc. 81. x 1-9. 

Fig. 16. 7. wellingtonense Eth. Transy. sect. of USGD 10217, showing wide stereozone, long acanthine 
septa. Loc. 73. 2:5. 
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carinae .. .’, but in the original description (1940) remarks that paratypes from near the 
type locality at Glenbower “. . . show septa thickened and with carinae, .. .” and gives 
no indication that this is of taxonomic significance. Even from a purely stratigraphic 
viewpoint, separation into two species would be valueless, and taxonomically this 
would be quite unjustified. Clearly USGD 10212 and Entelophyllum sp., from Tasmania, 
are both E. /atum. The species is a Wenlock—Ludlow marker. 


Family PHILLIPSASTRAEIDAE Roemer 1883 
Subfamily PHILLIPSASTRAEINAE Roemer 1883 
Genus DISPHYLLUM de Fromental 1861 


Type species by subsequent designation Lang and Smith 1934: Cyathophyllum caespitosum Goldfuss 
1826 pars. 


Disphyllum sp. ? aff. floydense (Belanski) 1928 
Plate 42, fig. 6; text-fig. 2 


Material. USGD 11185, 11186 (Pl. 42, fig. 6; text-fig. 2), loc. 260; probably lower Ludlovian. Asso- 
ciated with Favosites gothlandicus. 


Description. Fasciculate; cylindrical corallites 5 to 8 mm. in adult diameter, the average 
being 6 mm. The epitheca is marked by fine concentric striae, and by very fine rugae; in 
many corallites there are constrictions and swellings, the latter sometimes bearing small 
nodes. The epitheca is quite thin. Septa slightly thickened, the dilation being greatest 
towards the periphery and sometimes axially also, but it is never marked; unfortunately 
recrystallization has blurred the septa in places. Where this has not happened, the septa 
can often be seen to consist of rhabdachanthine trabeculae diverging from a median 
plane. There are about fifty septa in the adult corallite, the major septa very slightly 
withdrawn from the axis, and the minor septa one-third to two-thirds as long as the 
major; the septa may be straight, slightly curved, or somewhat irregular. The tabulae 
are thin, forming low domes, flat or slightly depressed axially, with a peripheral region 
where they slope down, and then up again slightly to meet the dissepimentarial wall; 
spaced about 10 in 5 mm. Dissepiments in two to four series, small, globose, horizontal 
peripherally but inclined fairly gently downwards at the inner edge of the dissepimen- 
tarium. 


Remarks. Externally, allowing for the fact that the corallites are not in their growth 
position, these specimens resemble D. floydense, although the nodes are small and not 
very numerous. However, the American species has fewer septa (30-34 as against 50), 
and the arrangement of the dissepiments is a little different; also in many parts of the 
corallites examined the dissepiments are partly or wholly immersed in a rather dark 
calcite, which may be sclerenchyme forming a discontinuous peripheral stereozone, 
although it is more probably an effect of recrystallization. Lacking sections of D. 
floydense, an Upper Devonian species, actual affinities are difficult to determine. 

Of the Australian species, the only Silurian one, D. praecox (Hill 1940), is half as 
large again, has only one series of dissepiments, and shorter major septa. D. curtum 
(Hill 1954a) has short major septa. D. speleanum (Hill 1950) is smaller, with fewer septa, 
which are dilated, and a distinctive trabecular arrangement; D. gemmiforme (Hill 1940) 
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TEXT-FIG. 2. Disphyllum sp. aff. TEXT-FIG. 3. Palaeophyllum rugosum 
Floydense (Belanski). Longit. Billings. Longit. sect. of USGD 
sect. of USGD) 11186; x 7-2: 10245, 3-6, showing tabulae 
Traced from photograph; re- sagging axially, sometimes incom- 
crystallization is too extensive plete. Tracing of a photograph. 


for reproduction. Interpolation 
has been kept to a minimum in 
this and other text-figures. 


and D. robustum (Hill 19425) both have subequal septa. All these, and several others 
quite unlike USGD 11186, are Devonian forms. 


Suborder COLUMNARIINA Rominger 1876 
Family STAURIIDAE Edwards and Haime 1850 
Genus PALAEOPHYLLUM Billings 1858 


Type species Palaeophyllum rugosum Billings 1858. 


Diagnosis. Phaceloid corallites with major septa slightly withdrawn from axis, and 
short minor septa; narrow peripheral stereozone; tabulae usually complete, flat or 
axially depressed, may have downturned edges. (See also Hill 1959.) 


Remarks. The above classification and diagnosis result from a study of Bassler (1950), 
and original descriptions of species. 

Lang, Smith, and Thomas (1940, p. 94) considered the type species to be ‘a phaceloid 
species of the Streptelasmidae’. Hill (in Moore 1956) followed this interpretation, giving 
the diagnosis: “Like Streptelasma but phaceloid.’ Bassler (1950), however, working from 
Billings’ and Lambe’s descriptions and figures, considered that the genus is more closely 
allied to Favistella Dana, and so placed Palaeophyllum in his family Favistellidae, which 
is synonymous with the family Stauriidae Edwards and Haime. 
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Streptelasma is defined by Hill (1956) as possessing a loose axial structure, and axial 
lobes on the septa. However, published figures of P. rugosum (Bassler 1950; Hill 1956; 
1959) indicate no such structures. No other species since referred to Palaeophyllum has 
an axial complex or axial lobes; all have simple septa slightly withdrawn from the axis. 

Hill (1959), after studying the type species and P. thomi (Hall), has reached the same 
conclusion. She comments also (p. 5): ‘This brings into prominence again the question 
of the generic boundaries between Favistella, Palaeophyllum, and Streptelasma.’ It 
could be that Palaeophyllum is a subgenus of Favistella, differing essentially in having a 
phaceloid rather than a cerioid growth form. 

Bassler (1950) lists several species of Columnaria which he considers to be Palaeo- 
phyllum. Those described by Soshkina (1936; 1937) certainly are Palaeophyllum. These 
are P. vulgaris from the Middle Devonian of the North Urals, and also (1937) from the 
Upper Ludlovian of the West Urals, with P. quadriseptata (from the latter locality). P. 
umbellicrescens Chadwick (in Williams 1919), from the Lower Silurian of Ontario, 
Canada, though not figured, disagrees with Palaeophyllum in possessing an aulos. How- 
ever, the specimens Chadwick describes as Cyathophylloides? williamsi are certainly 
Palaeophyllum. 

Radugin (1936) is not available to me: he described Columnaria halysitoides and C. 
fascicularis from the Ordovician (fide Bassler) or Lower Silurian of Western Siberia. If 
his system of naming was logical, the latter species at least could well be Palaeophyllum. 
If his C. halysitoides also turns out to be a Palaeophyllum, it will become a junior 
synonym of P. halysitoides (Troedsson). Table 1 necessarily omits Radugin’s species, 
and also P. stokesi (Edwards and Haime) which is in need of revision. 

Palaeophyllum divaricans Nicholson 1875 has been regarded by later authors as a 
Streptelasma. The major septa are twisted where they meet at the axis, apparently uniting 
to form a loose axial structure. Nicholson thought it closest to S. corniculum Hall. This 
species is therefore also omitted. 


Palaeophyllum rugosum Billings 1858 
Plate 42, figs. 7, 8, 15; text-fig. 3 


1858 Columnaria erratica Billings. Fide Bassler 1950, p. 11. 

1858 Palaeophyllum rugosum Billings; pl. 1, figs. 6a, b. Little Discharge, Lake St. John, Quebec, 
Canada. Clermont limestone, Blackriveran or lowermost Trentonian. 

1901 Palaeophyllum rugosum Billings; Lambe, p. 101. 

1950 Palaeophyllum rugosum Billings; Bassler, pl. 18, figs. 15, 16. 

1959 Palaeophyllum rugosum Billings; Hill, pl. 1, figs. 6a, 6. 


Material. USGD 10240 (PI. 42, figs. 7, 8, 15), 10244, 10245 (text-fig. 4), 10246, 10248-50, loc. 122; 
also from loc. 285. Topmost Ordovician or basal Silurian. 


Diagnosis. Palaeophyllum of mean diameter 5 to 6 mm., with forty septa, the major 
slightly withdrawn from the axis, the minor short; tabulae with down-turned edges, flat 
or with wide axial depression. 


Description. Phaceloid corallites varying in diameter between 4 and 7 mm., the average 
adult being 5 to 6 mm. across. There is a narrow peripheral stereozone, about 4 mm. 
wide. The twenty major septa extend almost to the axis, and may interfinger axially in 
youth. The minor septa are short, extending at most about one-third the way to the 
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axis. Both orders are thin and straight. The tabulae are thin, complete, with very rare 
small tabellae, and are generally flat, often with down-turned edges, but may be broadly 
and gently domed or sagging; they are evenly spaced, seven to nine in 10 mm. Increase 
is quadripartite, peripheral, and apparently parricidal, the young corallites being cerioid 
shortly after formation (and so completely filling the parent calice). 


Remarks. The above diagnosis is based on the figures and data published by Billings, 
Lambe, and Bassler. The description applies to the numerous specimens collected. 
Compare Hill (1959 and in press). 


Palaeophyllum sp. 
Material. USGD 10199, loc. 71. Middle Silurian. 


Description. Corallites phaceloid, with an average diameter of 10 mm. There are fifty 
to sixty thin, straight, lamellar septa, the major septa reaching a little over half-way to 
the axis, while the minor septa are very short, being mere ridges projecting from a 
0:5-mm.-wide peripheral stereozone. The tabulae are thin, and from the three transverse 
sections obtained appear to be complete, rather irregular, and closely spaced. 


Remarks. As can be seen from the table of species above, this is larger than the species 
so far described; it may well be a new species, but the material is far too limited for 
one to be erected. 


Suborder CYSTIPHYLLINA Nicholson 1889 
Family TRYPLASMATIDAE Etheridge 1907 
Genus TRYPLASMA Lonsdale 1845 


Type species Tryplasma aequabile Lonsdale 1845. 


Tryplasma lonsdalei Etheridge 1890 
Plate 42, figs. 12, 13; text-fig. 4 


1890 Tryplasma lonsdalei Etheridge, p. 15, pl. 1, figs. 1-6. Hatton’s Corner, Yass. Silurian. 

1907 Tryplasma lonsdalei, with vars. scalariforme and minor. Etheridge, p. 77, and plates (see 
Hill 1940). 

1937 ?Tryplasma dendroidea Etheridge; Hill, p. 151. 

1940 Tryplasma lonsdalei Etheridge; Hill, p. 406, pl. 12, figs. 13, 14. 


Material. USGD 10163, loc. 33; USGD 10164, loc. 41; USGD 10186 (Pl. 42, fig. 12), loc. 62; USGD 
10201 (PI. 42, fig. 13), 10210, 10213, loc. 73; USGD 10280, loc. 180; USGD 10298, loc. 224; USGD 
11183 (text-fig. 5), loc. 259. Middle Silurian. USGD 11109, 11117, loc. 247; USGD 11207, loc. 285. 


_ Topmost Ordovician or Lower Silurian. 


Diagnosis. Phaceloid Tryplasma with corallites 6 mm. in average diameter, with con- 
necting process. (Hill 1940.) 


Description. Sub-phaceloid corallites 7 to 10 mm. in diameter. Hill (1940) notes that the 
average diameter of the corallites in a corallum may be 8 mm., while Etheridge erected 
his var. scalariforme partly on the basis of larger average diameter; unfortunately Hill 
does not give the limits of variation. There are forty to forty-four acanthine septa, the 
major extending for one-third to half the radius, while the minor septa are usually quite 
short, but may be two-thirds the major septa, although always the two orders are 
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distinct. In transverse section, the spines often do not appear, or are seen only as dots, SO | 
that the septa appear short. The spines slant upwards fairly steeply. The peripheral 


stereozone is quite narrow. The tabulae are flat, complete and regularly spaced some 
three to four in 5 mm. 


Remarks. The size of the corallites, and the regular, distant spacing of the tabulae, agree 


with Etheridge’s ‘variety scalariforme’ ; the quadripartite axial increase shown by USGD 
11183 (text-fig. 5) supports this. However, Hill (1940) comments that 7. lonsdalei S.S. 
can also show quadripartite increase; she also indicates that the size variation could | 


TEXT-FIG. 4. Tryplasma lonsdalei TEXT-FIG. 5. Favosites allani Jones. 
Etheridge. USGD 11183. Draw- Longit. sect. of USGD 10190, 
ing, <4, of budding corallite, 10-5. This shows clearly the 
showing quadripartite increase. ‘inverted arrowhead’ form of the 
Slightly oblique transverse septa. Tracing of photograph. 


natural section. 


well destroy the value of the variety. In view of the changes in taxonomic concepts since 
1907, and of Hill’s comments, it is felt that Etheridge’s varieties of T. /onsdalei should 
no longer be used, serving merely to illustrate more completely the range of variation 
of the species. The species is previously recorded from the Middle and Upper Silurian, 
and from two localities from the Lower and lower Middle Devonian (Bassler 1950). 


Tryplasma wellingtonense Etheridge 1895 


Plate 42, fig. 16 


1895 Tryplasma wellingtonense Etheridge, p. 160; pl. 21, figs. 1-9, pl. 22, figs. 1-5. Wellington 
Caves. Garra beds; Coblenzian, or ? Couvinian. 

1907 Tryplasma wellingtonense Etheridge, p. 89, and plates. 

1942c Tryplasma wellingtonense Etheridge; Hill, p. 187; pl. 5, fig. 10. 

19546 Tryplasma wellingtonense Etheridge; Hill, p. 112; pl. 8, figs. 16 a, b. 


Material. USGD 10217, loc. 73. Middle Silurian. 


Definition. Solitary, conical at first, then cylindrical, with repeated rejuvenescence some- 


times causing slight change in direction of growth, attaining a diameter of 15 mm. or. 
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more; septal furrows very faint or absent, the epitheca being marked by rejuvenescence 
or growth rings only. Root-like processes rare. Septa numerous, acanthine, short, set 
in continuous lamellar sclerenchyme, forming a stereozone 2 mm. wide; tabulae thin, 
complete or incomplete. (Hill 1954b.) 


Description. USGD 10217 is a slightly expanding straight cylindrical corallite reaching 
15 mm. diameter with slight rejuvenescence rims. The seventy-two acanthine septa are 
dilated peripherally to form a stereozone 1 mm. wide, the major septa extending for 
about half the radius, the inner portions consisting of near-horizontal spines, while the 
minor septa (likewise spinose) are at least three-quarters the major septa in length. 
The tabulae are flat, or sometimes irregular, and fairly regularly spaced three to four in 
5mm. 


Remarks. This specimen has more septa than the type specimens, approaching T. 
derrengullenense and T. columnare. These, however, have short septa and spinose tabulae, 
and differ somewhat in size. Etheridge’s solitary species require extensive revision. 
The species has previously been recorded from the Coblenzian and Couvinian of two 
localities only; the known range is thus extended from the Middle Silurian to the lower 
Middle Devonian. 


Tryplasma columnare? Etheridge 1907 
Plate 42, figs. 10, 11 


1907 Tryplasma columnaris Etheridge, p. 85, and plates. Molong district; Garra beds, Lower— 
Middle Devonian; Quedong, Co. Wellesley; Silurian. 
1940 Tryplasma columnare Etheridge; Hill and Jones, p. 187; pl. 3, figs. 3, 4. 


Material. USGD 11197, loc. 280. Middle Silurian. 


Description. Maximum diameter 16 mm. There are fifty-eight septa, equal in length at 
1:0 mm., dilated to form a peripheral stereozone 0:5 mm. wide. The tabulae are com- 
plete, flat or slightly irregular, or sometimes incomplete. They do not appear to bear 
trabeculae. 


Remarks. Differs from the specimens described by Etheridge in the narrow stereozone 
and the more regular tabulae lacking trabeculae. However, the corallite is sediment- 
filled and somewhat recrystallized, and this may have destroyed most of the trabeculae. 
Differs from T. derrengullenense in the short, subequal septa and the more regular shape, 
without rejuvenescence. Hill and Jones (1940) record a corallite of the same size from 
limestone near Wellington Caves, of probable Devonian age. 


Tryplasma derrengullenense? Etheridge 1907 
Plate 42, fig. 14; Plate 43, fig. 12 


1907 Tryplasma derrengullenense Etheridge, p. 88; pl. 22, figs. 5-8. Limestone Ck., Bowning. 
Silurian. 
1940 Tryplasma derrengullenense Etheridge; Hill, p. 407; pl. 12, fig. 16. 


Material. 7?USGD 10159, loc. 22, Lower Devonian. USGD 10223 (PI. 42, fig. 14), loc. 81. Topmost 
Silurian or Lower Devonian. USGD 11173 (PI. 43, fig. 12), loc. 257. Upper Ordovician or Lower 
Silurian. 

B 9425 Z 
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Diagnosis. Solitary, trochoid or ceratoid Tryplasma, with irregular rejuvenescence, and 
a very deep calice. (Hill 1940.) 


Description. The specimens are all weathered fragments of corallites, the septal spines 
being visible only in USGD 11173 (Pl. 43, fig. 12), and so identification has had to be 
made largely on the basis of size, number of septa, and depth of the grooves left by the 
weathering of the septa. USGD 10159 has twenty septal grooves in an arc of about 
60 deg. and so had some 100 to 120 at a diameter of about 25 mm. The deeper grooves 
marking the major septa have been taken as indicating T. derrengullenense, although 
the size and number of the septa are greater than described by Etheridge or Hill. 
Rejuvenescence is not visible, the fragment being very small. 

USGD 10223-c has ninety septa, the major apparently longer than the minor, at a 
diameter of 15 mm., while USGD 10223-b (PI. 42, fig. 14) shows a marked rejuvenescence . 
rim. USGD 10223-d has an epitheca marked by faint concentric growth circles and septal 
grooves, but this comparative smoothness could be due to wear before burial. The 
corallite is 18 mm. in diameter over the rejuvenescence rim, and the major septal spines 
(seen in an oblique polished surface) are 2 mm. long. 

USGD 11173 has twenty-two septa in an arc of about 80 deg., i.e. about 100 at a 
diameter of some 10 mm. The major septa are thick, rather long spines arising from 
short septal lamellae, while the minor septal spines are short and blunt, arising directly 
from the corallite wall. The nature of the septa indicates 7. derrengullenense, although 
the diameter is small. 


Remarks. USGD 10159 occurs in the shales above the Siluro-Devonian volcanics; 
stratigraphical relations to the west of Wellington indicate equivalence to the Lower 
and Middle Devonian Garra beds. USGD 10223 comes from either a flow breccia or. 
an agglomerate in the volcanics. USGD 11173 comes from a marl near the Ordovician 
graptolite locality, and so is either Upper Ordovician or Lower Silurian in age. The 
species is recorded only from the Silurian of the Yass-Bowning district. 


Family CYSTIPHYLLIDAE Edwards and Haime 1850 
Genus NIPPONOPHYLLUM Sugiyama 1940 


Type species Nipponophyllum giganteum Sugiyama 1940 


Nipponophyllum multiseptatum sp. nov. 
Plate 44, fig. 12; Plate 45, fig. 9 


Material. Holotype USGD 11099, loc. 224; portion 141 (330 yards N. of por. 105, 330 yards W. of 
Bell R.), parish of Narragal, county Gordon. Paratype USGD 10299. Middle Silurian. 


Diagnosis. Nipponophyllum with sixty septa, the minor half as long as the major, in 
corallites 10 to 15 mm. in diameter, with a peripheral stereozone, and a zone of tabellae 
at the edge of the tabularium. 


Description. Fasciculate corallum composed of corallites 10 to 15 mm. in diameter, the 
average being 12 mm.; corallites contiguous or but slightly separated. Thirty discon- 
tinuous septa of each order, the major septa reaching three-quarters of the distance to 
the axis, while the minor septa are about half as long. The major septa appear to be 
more continuous than the minor septa, particularly axially, while all the septa are set in. 
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a sclerenchymal peripheral stereozone up to 1 mm. wide, which may extend on to the 
dissepiments. The dissepimentarium consists of one or two rows of rather large, globose, 
downward sloping dissepiments separated from the narrow tabularium by a circlet of 
irregular arched tabellae. The tabulae are usually flat, complete and incomplete, spaced 
about five in 5 mm. The calice is rather deep, with a flat floor and very steep sides. 
Increase is by lateral budding. 


Remarks. As well as size, the narrow tabularium surrounded by a zone of tabellae dis- 
tinguishes this species. It is much larger than N. colligatum (Hill), and differs from N. 
giganteum Sugiyama in the distinction of major and minor septa. Hill (1954a) has 
described a coral from the Yarrongobilly Caves which may be conspecific with this. 
Hill likens the coral to Nipponophyllum, but suggests that the appearance of discon- 
tinuity in the septa ‘may be due to crushing on one side of the fragment’. 


Horizon. A small limestone lens in shale, laterally equivalent to the Middle Silurian 
limestone. 


Nipponophyllum sp. aff. giganteum Sugiyama 1940 
Plate 43, figs. 3, 4; Plate 45, fig. 12 
Material. USGD 10289, loc. 208. Topmost Ordovician or Lower Silurian. 
Description. Phaceloid corallum of corallites 6 to 12 mm. in diameter, the average being 


9mm. The corallites are touching, or buttressed by irregular connecting processes formed 
as outgrowths of the dissepimentarium. The thirty to thirty-six equal, discontinuous 


» septa consist of discrete trabeculae arising from the dissepimental surfaces, which may 


or may not pierce several dissepiments; the septa extend some two-thirds of the distance 
to the axis. The dissepimentarium consists of two to four rows of unequal, irregular 
but roughly globose dissepiments, sloping sharply down towards the axis. The tabulae 
are generally incomplete, sagging deeply, and irregularly spaced, about five or six 
in 5mm. 


Remarks. The specimen is very similar to NV. giganteum, differing in the smaller number 


of septa—although this is very variable—and the slightly smaller average diameter. 


Genus CORONORUGA gen. nov. 


Type species Coronoruga dripstonense sp. Nov. 


_ Diagnosis. Large solitary corallites with a wide dissepimentarium separated from 


a rather narrow tabularium by an aulos in which are embedded short, discrete tra- 
beculae. 


_ Remarks. This genus shares its characteristic of discrete trabeculae only with Hedstré- 


mophyllum Wedekind 1927, Holmophyllum Wedekind 1927 (considered by some to be 
the same genus; see Hill 1940, p. 397), and Mazaphyllum Crook 1955. Of these, the first 
two are simple, and the last thamnasteroid, and in all three the trabeculae occur in the 
dissepimentarium, piercing several dissepiments. All lack an aulos, and both of Wede- 
kind’s genera have a small tabularium unlike that of Coronoruga. That of Mazaphyllum 
is very similar, although smaller, and this, plus the geographical relationship, suggests 
that Mazaphyllum is the closest to Coronoruga. 
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Coronoruga dripstonense sp. NOV. 
Plate 42, figs. 9, 17 


Material. Holotype USGD 11104, loc. 229. Boundary of portions 194 and 116, 500 yards west of 
Neurea—Dripstone road, Parish of Mumbil, County Gordon, Wellington. Paratypes: USGD 11103 
(Pl. 42, fig. 9), 11212, 11213, 11214, 11215 (Pl. 42, fig. 17), 11216, loc. 229. USGD 11195, 11198, loc. 
280. Middle Silurian. 


Diagnosis. Coronoruga of diameter 20 to 25 mm., the aulos generally being 1 to 2mm. 
thick and about 10 mm. in diameter, with numerous small dissepiments and many axial 
and peripheral domed tabellae. 


Description. Most of the corallites collected have had their epitheca worn off, but those 
retaining it show that it is thin, with a large number of longitudinal striae (septal 
grooves?) about 1 mm. apart. The maximum diameter measured is 25 mm. (USGD 
11212), but it appears from a longitudinal section of USGD 11216 that the diameter is 
rather variable, although the diameter of the aulos remains constant. In this section the 
dissepimentarium varies in width from 5 to 8 mm. This kind of variation is seen in the 
holotype, although the epitheca is missing. 

The aulos varies in thickness between 0:5 and 2:5 mm., but is usually about | mm. 
thick. It is made up of lamellar sclerenchyme, and the trabeculae pierce this, causing the 
lamellae to curve in towards the axis. The trabeculae arise a little in from the outer edge 
of the aulos, and may protrude into the tabularium for + mm., although usually less; 
they apparently are arranged in a large number of vertical rows, in which their vertical 
spacing varies from } to 1 mm. None of the sections is good enough (due to recrystalliza- 
tion) to allow counting of the septa. 

The tabulae are irregular, arched or sagging, with many large, globose tabellae both 
axially and peripherally, always highly domed. They are thin, but most are coated with 
a layer of sclerenchyme up to 4 mm. thick. The dissepiments also bear this coating of 
sclerenchyme, and are globose, usually small, but sometimes large and elongate; they 
slope down towards the axis, the inclination increasing towards the aulos, where they 


are often vertical and somewhat compressed. There are no trabeculae in the dissepi- 
mentarium. 


EXPLANATION OF PLATE 43 


Figs. 1, 2, 5, 6. Heliolites daintreei Nicholson and Etheridge. 1, 2, Group 1 of Jones and Hill 1940. 
Bare and longit. sects. of USGD 10165. Loc. 58. x 3-6. 5, 6, Group 4, USGD 10211, loc. 73. 
SE IIOP? 

Figs. 3, 4. Nipponophyllum sp. aff. giganteum Sugiyama. 3, One corallite enlarged to show form of 
septa. x 3-4. 4, Longit. sect. of USGD 10289. x 1-8. 

Fig. Th Propora conferta Edwards and Haime. Longit. and oblique sections of USGD 11174. Note 
discontinuities in the wall of the lowest tabularium, characteristic of the species. Loc. 257. x 3-6. 

Figs. 8-10. Favosites allani Jones. 8, Natural longit. sect. of silicified corallum, USGD 10209, showing 
numerous septal spines and regular tabulae. Loc. 73. 3-5. 9, 10, Transv. and longit. sects. of 
USGD 10190. The corallum is heavily silicified. Note mural pores, lower middle of fig. 105 <Sios 

Fig. 11. Favosites sp. Natural longit. sect. of USGD 10294, showing numerous small, blunt septal 
‘spines. Woes 2224 ass 

Fig. 12, Tryplasma derrengullenense? Eth. Low oblique view of USGD 11173, showing short septal 
spines, the major proceeding from short lamellae, the minor directly from the wall of the corallum. 
The exposed portion of the corallum has been outlined with ink. Loc. 257. x 3°7. ; 
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Order TABULATA 


Family HELIOLITIDAE Lindstrém 1876 
Subfamily HELIOLITINAE Lindstrém 1876 
Genus HELIOLITES Dana 1846 


Type species Astraea porosa Goldfuss 1826. 


Heliolites daintreei Nicholson and Etheridge 1879 
Plate 43, figs. 1, 2, 5, 6 


1940 Heliolites daintreei Nicholson and Etheridge; Hill and Jones, p. 201; pl. 8, fig. 5. 
1943 Heliolites daintreei Nicholson and Etheridge; Jones, p. 37; pl. 1, figs. 9, 10. 
1954a Heliolites daintreei? Nicholson and Etheridge; Hill, p. 40; pl. 4, fig. 10. 

19546 Heliolites daintreei Nicholson and Etheridge; Hill, p. 115; pl. 9, fig. 30. 


Remarks. Jones and Hill (1940) divide the species into four ill-defined groups, of which 
three are represented in the described faunas. 


Group 1. USGD 10165, loc. 58; Pl. 43, figs. 1, 2. Middle Silurian. Tabularia with thin 
walls round or somewhat crenulate, as thin as tubuli walls; diameter varies between 
1-5 and 2:0 mm., the mean of twenty-five being 1-7 mm. Tabularia separated by two to 
six rows of tubuli, centre-centre distance varying between 2:5 and 4 mm. Tubuli poly- 
gonal, may have perforate walls. Septa thin, arising from the crenulations of the tabu- 
larial walls, with long spines, slanting steeply upwards, reaching halfway to the axis. 
Tabulae thin, flat, five to seven in 5 mm. Sola twelve to fifteen in 5 mm., thin, flat or 
sometimes oblique. Has fewer tabulae than the specimens described by Jones and Hill. 


Group 3. USGD 10187, loc. 63; Lower Devonian. Thick-walled tabularia with crenulate 
walls, with long septal spines arising from the crenulations, and curving sharply upwards 
to approach the axis. Tabularia vary from 1-0 to 1-2 mm. in diameter, the mean being 
1-1 mm.; they are separated by one to five rows of polygonal tubuli with walls thick, 
but thinner than the tabularial walls; centre-centre distance 1-4 to 2-8 mm. Tabulae 
thin, flat, eight to seventeen in 5 mm. (observed variation). Sola flat, spaced fourteen to 
twenty in 5 mm. 


Group 4. USGD 10168, loc. 59; USGD 10196, loc. 65; USGD 10203, 10211 (Pl. 43, 
figs. 5, 6), loc. 73; Middle Silurian. USGD 11124, loc. 247. Upper Ordovician or Lower 
Silurian. The tabularia have walls a little thicker than the tubuli walls; they are crenu- 
late, with long upcurved spines arising from the crenulations. The tabulae are thin, flat 
or concave, sometimes incomplete, and may bear spines. The tubuli are irregularly 
polygonal or rounded, sometimes vermiform. This is a very variable group as can be 
seen from the metric data: 


Tabularial diam. (mm.) 


Distance (in mm.) between Tabulae Sola 
Specimen average tabularial centres in 5 mm. in 5 mm. 
USGD 10168 3-0 3-0 to 5-0 6-18 15-20 
USGD 10196 ileil 1:0 to 2:5 5-8 18-20 
USGD 10203 ? 2:5 to 4:5 x ? 
USGD 10211 0-6 1-0 to 2:0 10-15 c. 20 
USGD 11124 is 2:0 to 3:5 7-10 15-20 
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USGD 10196 has slightly broad-based septa, but otherwise agrees with the description 
of Jones and Hill. 


Subfamily PLASMOPORINAE Wentzel 1895 
Genus PROPORA Edwards and Haime 1849 


Type species Porites tubulatus Lonsdale 1839 pars. 


Propora conferta Edwards and Haime 1851 
Plate 43, fig. 7 


1851 Propora conferta Edwards and Haime, p. 225. Borkholm, Russia. Fide Jones and Hill 
1940. 

1899 Plasmopora australis Etheridge, p. 33; pl. A, fig. 11; pl. B, figs. 5, 6. 

1899 Propora conferta Edwards and Haime; Lindstrom, p. 93; pl. 8, figs. 32-39; pl. 9, figs. 
1-23, 31, 32, 35. Fide Jones and Hill 1940. 

1920 Plasmopora australis Etheridge; Chapman, p. 185, pl. 28, fig. 28. 

1927 Plasmopora shearsbyi Dun, p. 262, pl. 21, figs. 5, 6. 

1940 Propora conferta Edwards and Haime; Jones and Hill, p. 209; pl. 11, figs. 3-5. 


Material. USGD 10199, loc. 71; USGD 10215, loc. 73; USGD 11180, loc. 259; Middle Silurian. 
USGD 10235, loc. 120; USGD 11125, loc. 247; USGD 11174, loc. 257 (Pl. 43, fig. 7); USGD 11189, 
loc. 271; USGD 11210, loc. 285. Upper Ordovician or Lower Silurian. 


Description. Tabularia 1-0 to 1:5 mm. in diameter, separated by 0-5 to 2:5 mm. of coenen- 
chyme. The tabularial walls are thick, often highly crenulate, with short discontinuities ; 
the crenulations may extend into the coenenchyme as ridges for as much as 4 mm., but 
are usually short, and sometimes non-existent. The tabulae are generally flat and com- 
plete, ten to twenty-five in 5 mm., but may sag slightly, and may be incomplete. The 
sola are globose, small, numerous; occasionally there occur rather elongate, larger sola. 
Coenenchymal trabeculae could not be found in any of the sections cut. 


Remarks. This species is characterized by the frequent occurrence of discontinuities in 
the tabularial walls. 


Family FAVOSITIDAE Dana 1846 
Subfamily FAVOSITINAE Dana 1846 
Genus FAVOSITES Lamarck 1816 


Type species Favosites gothlandicus Lamarck 1816. 


Favosites allani Jones 1937 
Plate 43, figs. 8-10; text-fig. 5 


1937 Favosites allani Jones, p. 90; pl. 12, figs. 4, 5. Silurian (Barandella shale), Yass. 
1940 Favosites allani Jones; Hill and Jones, p. 189; pl. 5, figs. 1a, b. 


Material. USGD 10190 (PI. 43, figs. 9, 10), ex alluvium, ‘Mumbil’ homestead; USGD 10209 (Pl. 43, 
fig. 8), loc. 73. Middle Silurian. 


Diagnosis. Favosites with small corallites, with numerous septal spines which are short, 
horizontal, and with a broad base, with small circular mural pores typically in one row, 


and with thin, horizontal, and usually complete tabulae, twelve to seventeen in 5 mm. 
(Hill and Jones 1940). 
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Description. USGD 10209 is a fragment some 3 x 2 cm., in which the polygonal corallites 
are 1-0 to 2:0 mm. in diameter, thin-walled, with numerous septal spines about 0-1 to 
0-2 mm. long, sometimes in the form of small squamulae. The mural pores are not 
frequent, but are circular, 0-1 to 0-2 mm. in diameter, sometimes with a squamula 
immediately above. The tabulae are flat, usually regularly spaced seven in 5 mm., with 
one or two cycles of septal spines between each pair of tabulae. 

USGD 10190 is a portion of a silicified massive corallum 5 cm. across and 3 cm. deep. 
The corallites vary in diameter from 1-0 to2:5mm., the mean of twenty-five being 1-4mm.; 
most are 5- or 6-sided, but some have 3, 4, 7, or 8 sides, and may be rather irregular. 
The walls are 0-05 to 0-15 mm. thick, although recrystallization has often increased this, 
and obscured the detail. They are pierced by mural pores 0-1 to 0:2 mm. across, arranged 
in one or two rows (depending mainly on the width of the wall), and spaced vertically 
0-4 to 0-6 mm. apart, one cycle between each two tabulae, and often with a septal spine 
or squamula directly above. Often these will be coincident in two adjacent corallites, 
forming an inverted arrowhead above the mural pore (text-fig. 5). The septa are numer- 
ous, short (up to 0-4 mm. long), and rather thick, with broad bases; they are horizontal, 
or pointing gently upwards. The tabulae are flat, thin, regularly spaced ten to fifteen in 
5 mm. 


Remarks. USGD 10190 differs from described specimens in the increased frequency of 
double-row mural pores. The specimen is from alluvial wash just north-east of the 
junction between the Mumbil—Neurea road, and portions 3 and 5, Parish of Mumbil, 
near ‘Mumbil’ Homestead; it is almost certainly derived from the top of the Middle 
Silurian limestone, where there are numerous similarly preserved fossils. USGD 10209 
comes from near the top of the Middle Silurian limestone. The species is recorded from 
the Upper Silurian of Yass and the Lower or lower Middle Devonian Garra beds oppo- 
site Wellington Caves. 


Favosites gothlandicus Lamarck 1816 
Plate 44, figs. 1, 2 
For early synonymy see Hill and Jones 1940, pp. 191-4. 


1954a Favosites gothlandicus Lamarck, formae gothlandicus and forbesi; Hill, p. 42; pl. 4, 
figs. 13, 14. 


Material. ? USGD 10160, loc. 22; Lower Devonian. USGD 10221, loc. 73; USGD 11196 (Pl. 44, 
figs. 1, 2), loc. 280. Middle Silurian. USGD 10251, loc. 122; Upper Ordovician or Lower Silurian. 


Diagnosis. Favosites with very large, thin-walled prismatic corallites, few septa, com- 
plete rather distant tabulae, and two rows of large, circular mural pores. 


Description. USGD 10160 is the impression of a small fragment in mudstone. The poly- 
gonal corallites are 1-5 to 2-0 mm. in diameter, with thin walls bearing a few short, thick 
septal spines, pierced by rare mural pores in one or two rows. The tabulae are spaced 
seven in 5 mm. 

USGD 10221 is portion of a massive corallum in which the thin-walled prismatic 
corallites vary in diameter between 1-5 and 2:5 mm., the average being about 2 mm. 
Septal spines are short, and very rare. The mural pores are 0-2 to 0:3 mm. in diameter, 
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in two rows except on narrow walls, and usually en echelon, although sometimes parallel. 
The tabulae are flat, rarely concave, spaced fairly regularly four or five in 5 mm. 

USGD 11196 is also massive. The corallites are 2 to 3 mm. in adult diameter, with 
frequent new corallites arising at the junctions. The walls are irregular in thickness, 
varying from 0-02 to 0:2 mm., and are slightly crenulated, the crenulations frequently 
bearing septal spines. These are numerous, closely spaced vertically, short, with broad 
bases, and inclined upwards. Mural pores in two rows, en echelon. There are somewhat 
discontinuous zones of wall thickening, often associated with tabular crowding. The 
tabulae are flat, or with median depressions, occasionally inosculating in the zones of 
crowding. Spacing varies from seven to fourteen in 5 mm. 

USGD 10251 is a roughly hemispherical corallum about 8 cm. across. The corallites 
have slightly thickened walls, and are 1-0 to 3-0 mm. in diameter, the average being about 
2 mm. The mural pores are sparse, usually in two rows, parallel, and rather small. The 
septal spines are short and thick. Tabulae flat, four to seven in 5 mm. 


Remarks. USGD 10221 probably belongs to the forma gothlandicus. USGD 11196 
differs from the normal in its zones of wall thickening and tabular crowding, the occa- 
sionally inosculating tabulae, and the slight wall crenulations. The species has been 
previously recorded from the Silurian and Lower Devonian. 


Favosites sp. 

Plate 43, fig. 11 
Material. USGD 10294, loc. 222. Lower Devonian, calcarenites above the Siluro—Devonian lavas. 
Description. A fragment of a ramose corallum with thick-walled corallites about 1 mm. 
in diameter. The septal spines are numerous, short, and blunt, and are not regularly 


arranged. There are no mural pores, and the remains of the tabulae appear to be widely 
spaced. 


Remarks. Of the species tabulated by Hill (1940) the only one of comparable size with 

septa and widely spaced tabulae is the specimen figured as F. alpinus by le Maitre. 
Genus MULTISOLENIA Fritz 1937 

Type species Multisolenia tortuosa Fritz 1937. 


Multisolenia tortuosa Fritz 1937 
Plate 44, fig. 3 


1937 Multisolenia tortuosa Fritz, p. 231, text-figs. 1-6. Lockport formation, Ontario. Silurian. 
1937 Paleofavosites mirabilis Tchernychev, pp. 86, 117, pl. 7, figs. 4a—c. 
1956 Multisolenia tortuosa Fritz; Stearn, pp. 65-66, pl. 5, figs. 1-4. 


Material. USGD 10178, loc. 59. Middle Silurian. USGD 10291 (PI. 44, fig. 3), loc. 208. Upper Ordovi- 
cian or Lower Silurian. 


Diagnosis. Multisolenia with corallites 0-25 to 0-6 mm. in diameter, thin walls, and close,. 
thin, slightly convex tabulae. 


Description. USGD 10178 is an irregularly stratiform mass, while USGD 10291 is a 
radiating corallum in the form of a low inverted cone 12 cm. across and 5 cm. deep, the 
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| apex being ¢ cm. across. In both the corallites are rounded, with thin walls. Multiplica- 
| tion is as indicated by Stearn (1956), as also are the solenia, which are regularly and 
_ closely spaced giving broken surfaces a distinctly beaded appearance. They are 0-25 mm. 
| in diameter and ten in 5 mm. The tabulae are very thin, and are often obscured or 
| destroyed by recrystallization; they are slightly arched, 0-25 to 1-0 mm. apart. 


Subfamily PACHYPORINAE Gerth 1921 
Genus STRIATOPORA Hall 1851 


| Type species Striatopora flexuosa Hall 1851. 
Striatopora sp. Hill and Jones 1940 
| Plate 44, figs. 4, 5 


| 1940 Striatopora sp. Hill and Jones, p. 200; pl. 8, figs. 3a—c. Crystal Springs, Molong. Garra 
beds, lower Devonian. 

1954a ?Striatopora sp. Hill, p. 44; pl. 4, figs. 19a—b. Silurian. 

19546 ? Striatopora sp. Hill, p. 115; pl. 9, figs. 28a—b. Lower to Middle Devonian. 


Y Material. USGD 10152, loc. 1; USGD 10162 (PI. 44, figs. 4, 5), loc. 26; USGD 10164, loc. 41; USGD 
* 11190, loc. 276. Middle Silurian. 


‘ Description. Ramose coralla 6 to 25 mm. in diameter, the average being 10 to 15 mm. 
_ Corallites irregularly polygonal; diameter 0-5 to 1-5 mm. axially, where the walls are 
- thin, pierced by mural pores 0-2 to 0-3 mm. across, apparently arranged in one row. 
' This axial zone, where the corallites are nearly parallel, is one-third to two-thirds the 
» corallum diameter, and towards its edge the corallites start to curve outwards, finally 
_ turning abruptly horizontal in a peripheral zone where the walls become dilated, and 
* the tabulae at first become crowded, and are then replaced by a plug of sclerenchyme, 
+ sometimes interrupted by a couple of tabulae. The dilated walls are pierced by two rows 
of mural pores, about } mm. apart; the corallites increase in diameter to 2-0 mm. 
This zone is usually 1 or 2 mm. thick. Axially the tabulae are flat and distant, six to ten 
-in 5 mm. In the zone of crowding they may be four in | mm. Septal spines are sparse 
\ and short, often obscured by recrystallization. 


Family HALYSITIDAE Edwards and Haime 1850 
Subfamily HALYSITINAE Edwards and Haime 1850 
Genus ACANTHOHALYSITES Hamada 1957 


| Type species Halysites australis Etheridge 1898. 


— 


Diagnosis. Halysitinae with septal spines in macrocorallites, with both mesocorallites 
and microcorallites, and most palisades with more than one macrocorallite. 


Acanthohalysites australis (Etheridge) 1898 
Plate 44, figs. 6, 7 


1898 Halysites australis Etheridge, p. 78; pl. 17, figs. 1-8, Bell R., Wellington. Silurian. 
1904 Halysites australis Etheridge, p. 29; pl. 6, fig. 4, pl. 7, fig. 6, pl. 9, figs. 1, 2. 
1957 Acanthohalysites australis (Etheridge); Hamada, p. 404. 


Material. USGD 10183 (PI. 44, figs. 6, 7), loc. 59. Middle Silurian. USGD 11211, loc. 285. Topmost 
Ordovician or Lower Silurian. 
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Diagnosis. Acanthohalysites with loose, spreading corallum; fenestrules large, variable, 
with smooth sides; palisades of two to twelve corallites, which are oval, rather small, 
with twelve long septa and close, complete, irregular tabulae; microcorallites narrow, 
oblong, with distant tabulae; walls thick. 


Description. The fenestrules are irregular in shape, at times labyrinthine. The corallites 
have thick walls, and are 0:75 to 1-0 mm. long by 0-5 mm. wide; the septal spines reach 
over half-way to the axis, and are arranged in vertical rows, five on each wall and one 
at each end of the corallite. The tabulae are flat, fifteen to twenty in S mm. The micro- 
corallites are not always present, but where developed are slit-like in transverse section, 
causing no waisting of the palisades; their tabulae are distant. 


Genus HALYSITES Fischer von Waldheim 1813 
Type species Tubipora catenularia Linnaeus 1767. 
Halysites lithostrotonoides Etheridge 1904 
Plate 44, figs. 8, 9 


1904 Halysites lithostrotonoides Etheridge, p. 23; pl. 1, fig. 1, pl. 4, figs. 1, 2, pl. 9, fig. 4. Spring 
Ck., Molong. Lower Silurian. 

1920 Halysites lithostrotonoides Etheridge; Chapman, p. 187. 

1957 Halysites lithostrotionoides Etheridge; Hamada, p. 402. 


Material. USGD 10227, loc. 120. Topmost Ordovician or basal Silurian. 


Diagnosis. Halysites with regular, pavement-like fenestrules, and smooth-walled pali- 
sades of one to five oblong corallites, flat-ended, 0-75 to 1:0 mm. long and 4+ mm. wide,. 
separated by thin rectangular microcorallites. Tabulae ten in 5 mm., and twenty in 
5 mm. in microcorallites. 


Description. The corallites are often somewhat larger than in Etheridge’s specimens, 
reaching 1:25 mm. in length, although the average is about 1 mm., but the flat-ended 


EXPLANATION OF PLATE 44 


Figs. 1, 2. Favosites gothlandicus Lamarck. Transy. and longit. sects. of USGD 11196. Loc. 280. 
S483), 

Fig. 3. Multisolenia tortuosa Fritz. Transy. sect. of USGD 10291. Upper half of fig. retouched to 
show meandroid tabularia. Loc. 208. x 10:9. 

Figs. 4, 5. Striatopora sp. Hill and Jones. Transv. and longit. sects. of USGD 10162. 4, Negative 
print showing mural pores in peripheral zone. Loc. 26. 4, x 2:7; 5, x 1-4. 

Fig. 6. Acanthohalysites australis (Eth.). 6, Transv. sect. of USGD 10183. Loc. 59. x 1-8. 7, Enlarge- 
ment of portion of fig. 6, showing septa. x 10-5. 

Figs. 8, 9. Halysites lithostrotionoides Eth. 8, Longit. and oblique transv. sects. of USGD 10227. 
Loc. 120. 1-8. 9, Enlargement of portion of fig. 8, longit. sect. x 5-1. 

Fig. 10. Schedohalysites orthopteroides (Eth.). Longit. sect. of USGD 11188. Loc. 271. x 3-4. 

Fig. 11. Halysites sp. Oblique transv. sect. of USGD 11115. Loc. 247. x 3-5. 

Fig. 12. Nipponophyllum multiseptatum sp. nov. Longit. sect. of holotype, USGD 11099. Note lateral 
bud, with relatively continuous major septa and discontinuous minor septa. Also shows form of 
calice. Loc. 224. x 1-9. 

Fig. 13. Falsicatenipora chillagoensis (Eth.). Transy. and oblique longit. sects. of USGD 6923. Septa 


can be distinguished in the transv. sects. of corallites, lower left, arranged as in A. australis (fig. 7). 
x65, | 
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oblong shape is distinctive, particularly in hand specimen. There is slight corrugation 
of the palisades, accentuated in oblique sections. The fairly regular pavement-like fene- 
strules are also distinctive. The tabulae are regular, slightly concave, fifteen in 5 mm., 
in the corallites, and flat, twenty to twenty-five in 5 mm., in the microcorallites, which 
are about 4 mm. long. The corallite walls are slightly thickened. 


Halysites sp. 
Plate 44, fig. 11 
Material. USGD 11115, loc. 247. Topmost Ordovician or Lower Silurian. 


Description. A small portion of an irregularly radiating corallum, in which the fene- 


' strules, distally, are polygonal or somewhat irregular. There are two to six corallites to 


a palisade; they are 1-25 to 1-5 mm. long and 0-75 to 1:0 mm. wide, oval, aseptate, with 
flat tabulae spaced fifteen in 5 mm. The microcorallites are rectangular, 0-5 mm. wide 


and about + mm. long, causing some waisting of the palisades. The corallite walls are 
thick. 


Remarks. Differs from A. pycnoblastoides in absence of septa and somewhat narrower 
corallites. H. siissmilchi has labyrinthine fenestrules and more widely spaced tabulae. 


Subfamily SCHEDOHALYSITINAE Hamada 1957 
Genus SCHEDOHALYSITES Hamada 1957 


Type species Halysites orthopteroides Etheridge 1904. 
Diagnosis. Halysitidae in which microcorallites and mesocorallites are not present in all 
parts of the corallum. 
Schedohalysites orthopteroides (Etheridge) 1904 
Plate 44, fig. 10 


1904 Halysites orthopteroides Etheridge, p. 25; pl. 3, figs. 1, 2, pl. 7, figs. 4, 5. Wellington district. 
Silurian. 

1920 Halysites orthopteroides Etheridge; Chapman, p. 188; pl. 25, figs. 22, 23, pl. 26, fig. 24. 

1957 Schedohalysites orthopteroides (Etheridge); Hamada, p. 401. 


Material. USGD 11188, loc. 271. Topmost Ordovician or Lower Silurian. 


Diagnosis. Halysitid with irregular fenestrules, palisades corrugate, of two to nine oval 
corallites 1-14 mm. by 3-1 mm.; aseptate, with irregular tabulae ten in 5 mm.; micro- 


_ corallites mere slits or absent, about twenty tabulae in 5 mm. 


Description. Fragments only have been examined. The corallites are 1-0 to 1:5 mm. long 
and 0:75 to 1:0 mm. wide, oval, with fairly thin walls. There are no septa, and the thin, 
flat tabulae are spaced twelve to fifteen in 5 mm. The palisades are waisted at the micro- 
corallites. 


Genus FALCICATENIPORA Hamada 1958 
Type species Halysites japonicus Sugiyama 1940. 


Diagnosis. Schedohalysitinae with mesocorallites but without microcorallites. 
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Falsicatenipora chillagoensis (Etheridge) 1904 
Plate 44, fig. 13 


1904 Halysites chillagoensis Etheridge, p. 36; pl. 5, figs, 3, 4, pl. 8, fig. 3, pl. 9, fig. 3. Mungana, 
Chillagoe, Queensland. 

1957 Catenipora chillagoensis (Etheridge); Hamada, p. 400. 

1958 Falsicatenipora chillagoensis (Etheridge); Hamada, p. 98. 


Material. USGD 6923, loc. 122. Upper Ordovician or Lower Silurian. 


Diagnosis. Fenestrules large, irregular, smooth-sided; corallites long-oval, thick-walled, 
two to twelve per palisade, with stout septa which recrystallization may obscure. Poorly 
developed mesocorallites. 


Description. Corallum radiating; the fenestrules are quite irregular in shape, with 
smooth sides. The palisades usually have only three or four corallites, but this may 
increase as the corallum grows—the only specimen found is a small, incomplete coral- 
lum. The corallites are rather small, being 1-0 to 1-5 mm. long and 0:5 to 0:75 mm. 
wide, the average being on the smaller side. The wall separating them is usually thin, 
but may be as thick as the palisade walls which are up to 0-25 mm. at corallite centres. 
Septa may occasionally be seen as irregular protrusions from the walls, but are mostly 
obscured by recrystallization. Tabulae are flat or concave, sometimes incomplete, 
twelve to twenty-five in 5 mm. 


Subfamily CATENIPORINAE Hamada 1957 
Genus QUEPORA Sinclair 1955 


Diagnosis. Cateniporinae with normal series of corallites, but without septal spinules. 
Quepora bellensis sp. nov. 


Plate 45, figs. 1-3 


Holotype. USGD 11209, loc. 285; portion 5 (centre), parish of Mumbil, county of Wellington. Topmost 
Ordovician or Lower Silurian. Associated with Palaeophyllum rugosum. 


Diagnosis. Quepora with small radiating corallum; fenestrules small, polygonal, smooth- 


EXPLANATION OF PLATE 45 


Figs. 1-3. Quepora bellensis sp. nov. 1, Transv. sect. of holotype USGD 11209. Note that the walls 
separating corallites are darker than the lateral walls; this is due to their structure, not to the 
presence of microcorallites. Loc. 285. 4-0. 2, Enlargement of palisade junction, middle right of 
fig. 1, showing structure; note the way in which an extension of the upper right corallite pseudo- 
morphs a microcorallite at the junction. The lack of microcorallites between the corallites is also 
Aer % Ah 3, Longit. and oblique sect. of holotype USGD 11209, showing similar structures 

o fig. 2. x 4-0. 
Figs. 4, 5. Syringopora sp. Transv. and longit. sects. of USGD 10175. Loc. 65. 4, x36; 5, X66. 
eee we Syringopora sp. Transy. and longit. sects. of USGD 11107. Loc. 247. 6, x3-6; 7, x 14.5, 
5 eek 

Fig. 9. Nipponophyllum multiseptatum sp. nov. Transv. sect. of USGD 11099, holotype, x 1:8. 

Figs. 10, 11. Syringopora sp. Transv. and longit. sects. of USGD 11193. Arrows point to septa. 
IOS Se SHOR MIL, STU, Ubyoye, Da/7/, 


Fig. 12. Nipponophyllum sp. aff. giganteum Sugiyama. Transv. sect. of USGD 10289. Loc. 208. x 2:1. 
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sided; palisades of one to four oval corallites 1-0 to 1:5 mm. by 0:75 to 1:0 mm., with 
thick walls; tabulae close. 


Description. The fenestrules are small, generally less than 5 mm. across, and polygonal, 
very rarely irregular. The palisades are straight or gently curved, with smooth or but 
faintly ribbed sides; they contain from one to four corallites. The corallites are oval, 
1-0 to 1:5 mm. long (average about 1-2 mm.) and 1:0 mm. wide (including walls). The 
walls are thick, up to 0:2 mm., and are not waisted between corallites. There are no 
septa. Tabulae are flat, twelve to twenty in 5 mm. Very small round tubules occur at 
about 5 per cent. of the palisade junctions. However, at a couple of junctions one coral- 
lite can be seen to protrude between the other two, with a narrow neck almost cutting 
off this extension. It is probable that the tubules are formed in this way, and so it is 
doubtful that they can be true microcorallites. No microcorallites are visible between 
corallites. 


Remarks. Differs from F. chillagoensis in the smaller regular fenestrules, the less elongate 
corallites, and the lack of septa. 


Family AULOPORIDAE Edwards and Haime 1851 
Subfamily SYRINGOPORINAE Nicholson 1879 
Genus SYRINGOPORA Goldfuss 1826 


Type species Syringopora ramulosa Goldfuss 1826. 


Syringopora sp. 
Plate 45, figs. 4, 5 


Material. USGD 10175 (PI. 45, figs. 4, 5), loc. 59; USGD 10191, loc. 65. Middle Silurian. 


Description. All specimens collected are fragmentary, and so the corallum form is un- 
known. The corallites appear to be loosely connected, stolons being infrequent; they are 
2 to 3 mm. in diameter, with thick walls. No septal spines are present, although the 
heavy recrystallization could obscure any. The tabulae are very closely set, and deeply 
inosculating. They do not form an axial tube, and frequently do not cross the tabularium, 
adhering cyst-like to one wall. 

Syringopora sp. 

Plate 45, figs. 6-8 


Material. USGD 11107 (PI. 45, figs. 6-8), 11108, loc. 247. Topmost Ordovician or Lower Silurian. 


Description. Slightly radiating phaceloid corallum; the fairly regular cylindrical corallites 
are 1-0 to 1-5 mm. in diameter, the majority being 1-5 mm.; corallite walls thin. Connect- 
ing stolons frequent, } to } mm. in diameter. Septal spines long (0:25 mm.), thin, directed 
slightly upwards, and piercing the tabulae; they are fairly regularly placed, in twelve 
vertical rows, four in | mm. The tabulae are strong, deeply inosculating, coalescing 
to form an axial tube 0:25 mm. or more in diameter; they sometimes extend into the 
stolons. 

Syringopora sp. 

Plate 45, figs. 10, 11 


Material. USGD 11193, loc. 277. Middle Silurian. 
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Description. Phaceloid; the corallites are cylindrical, 0-4 to 0-7 mm. in diameter (average 
0-5 mm.), and closely set, the maximum separation being 0-7 mm., the average 0-25 mm. 
The corallite walls are thin or slightly thickened. Stolons are short, narrow, without 
tabulae, and occasionally bend upwards, forming a new corallite. Septal spines are not 
very common; they are short and blunt. Tabulae are irregularly spaced, 0-1 to 2 mm. 
apart, and thin; they may be flat and horizontal or oblique, gently sagging, or infundi- 
buliform—usually excentrally. Rarely are they domed. 


Remarks. The irregular, and often distant, spacing of the tabulae, and their frequent 
flatness, differs from the normal appearance of Syringopora. This species differs from 
Eofletcheria only in the presence of septa. 


LOCALIAY List 


In New South Wales the major divisions are counties. These in turn are divided into parishes, 
usually of some 20 to 30 square miles, in which land has been sold as subdivisions of varying size, 
called portions. These are usually rectangular, and were mapped, using magnetic north, in the late 
nineteenth century. Apart from these parish maps, and aerial photos, no large-scale maps exist for 
large portions of western New South Wales, and so localities must be given in terms of these sub- 
divisions. In the following list, all the localities except loc. 224 are in the Parish of Mumbil, County 
Wellington; por. =portion. 


A. UPPER ORDOVICIAN OR LOWER SILURIAN 


Loc. 120 Por. 5; in gully, south side of boundary between pors. 5 & 93, & 850 yds. west of por. 96. 
122 Por. 5; 500 yds. south of por. 93, & 620 yds. west of por. 96. 
208 Por. 5; 550 yds. east of por. 3, & 1,200 yds. north of Mumbil—Neurea road. 
247 Boundary between pors. 5 & 93, & 700 yds. east of por. 3. 
257 Por. 126; 50 yds. east of Neurea—Dripstone road, & 480 yds. north of por. 125. 
271 Por. 93; 80 yds. north-east of loc. 120, in same lens. 
285 Por. 5; 850 yds. west of por. 108, & 780 yds. south of por. 93; same horizon as loc. 122. 


B. TOPMOST LOWER, OR BASAL MIDDLE SILURIAN 


Loc. 59 Por. 93; 80 yds. south of por. 92, & 1,050 yds. east of por. 94. 
65 Por. 93; 200 yds. south of por. 92, & 1,100 yds. east of por. 95. 
71 Por. 5; 550 yds. east of por. 3, & 1,070 yds. north of Mumbil—Neurea road. 


C. MIDDLE SILURIAN 


Loc. 1 ‘Mumbil’ farmhouse; on Mumbil—Neurea road, south-west corner of por. 5. 
26 Por. 5; 230 yds. south-south-east of ‘Barnby Hills’ homestead, & 670 yds. west of boundary 
between pors. 145 & 108. 
33 Por. 3; 100 yds. west of por. 5, and 650 yds. north of Mumbil—Neurea road. 
41 Por. 3; in gully, 20 yds. west of por. 5, & 480 yds. north of Mumbil—Neurea road. 
58 Por. 92; 270 yds. north of por. 93, & 380 yds. west of railway line. 
73 Por. 5; 650 yds. south of por. 93, & 400 yds. west of por. 108. 
180 Por. 3; 250 yds. west of por. 5, & 1,250 yds. south of por. 95. 
198 Por. 5; 600 yds. east of por. 3, & 1,150 yds. south of por. 93. 
224 Por. 141, Parish of Narragal, County Gordon; 330 yds. north of por. 105, & 330 yds. west 
of Bell River. 
229 Boundary between pors. 116 & 194, & 500 yds. west of Neurea—Dripstone road. 
259 Por. 5; 250 yds. north-east from Mumbil—Neurea road, along drive to ‘Barnby Hills’ 
homestead. 
276 Por. 89; 50 yds. south of boundary between pors. 89, 181, & 194. 
277 Boundary between pors. 116 & 194, & 450 yds. west of Neurea—Dripstone road. 
280 Por. 116; 50 yds. south of por. 194, & 500 yds. west of Neurea—Dripstone road. 
284 Por. 5; 700 yds. west of por. 108, & 750 yds. south of por. 93. 


£ 
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D. UPPER SILURIAN 


Loc. 62 Limestone lens 20 yds. east of Mumbil—Neurea road, just north of turnoff to Baker’s 
Swamp; south-west corner, por. 6. 
260 Limestone lens just above M. bohemicus horizon, por. 5; 450 yds. west of por. 145, & 
600 yds. north-east of Mumbil—Neurea road. 


E. SILURO-DEVONIAN 
Loc. 81 Por. 6; 300 yds. south of por. 141, & 700 yds. west of por. 138. 


F. LOWER DEVONIAN 


Loc. 22 Boundary between pors. 68 & 123, on Mumbil—Dripstone road. 
63 Hillside, west side of Mumbil—Neurea road, boundary pors. 6 & 138. 
222 Mumbil—Dripstone road, 160 yds. west of turn off north to the ‘Nindethana’ tree nursery; 
por. 123. 
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AUSTRALASIAN TYPHINAE (GASTROPODA) 
WITH NOTES ON THE SUBFAMILY 


by PAUL VELLA 


ApstRACT. The Typhinae are a rare but widely distributed Muricid group. Because of their rarity they are of little 
value for local geological correlation, but are useful for regional correlation and palaeogeography, and as facies 
indicators. 

Tertiary distributions indicate distinct American and Australo-European provinces and probably a third, 
Javanese province. The modern American fauna remains distinct. The single living European species is related 
to a living species on the west coast of South and Central America. Typhina and Siphonochelus each have closely 
related species living in Australia, New Zealand, the Indo-Pacific, the South Atlantic, and the Carribean, showing 
a remarkable parallelism in their distribution, and are believed to have radiated simultaneously from 
Australia. 

Two New Zealand species are members of a Tertiary endemic lineage. The remaining ten are not closely 
related to one another. Four are certainly related to distant overseas groups of similar age; five are possibly 
related to overseas groups of similar age; one is not closely related to any other known species. 

The superspecific classification proposed by Keen (1944) is modified, her groups being redefined in terms of 
varix types. The new genus Rugotyphis and the new subgenus Neotyphis are described. The following genera 
and subgenera are recognized in Australia and New Zealand: Typhis (subgenera Typhis, Hirtotyphis, Neotyphis), 
Rugotyphis, Typhina (subgenus Typhina), Siphonochelus, Lyrotyphis, Semityphis. A check list of Australasian 
species with revised generic groupings is given. Twelve New Zealand species (eight new) and four Australian 
species are described. 


INTRODUCTION 


PREVIOUSLY only four species of Typhinae were recognized in New Zealand, and all 
were described under the general name T7yphis. Fourteen species have been described 
from Australia. Iredale recognized the genera Typhis, Typhina, and Siphonochelus. He 
erected the subgenus Choreotyphis within Typhina but this has since been synonymized 
by Keen (1944) with Siphonochelus. Keen (1944, p. 56) allocated three New Zealand and 
six Australian species to Typhinellus. Typhinellus, however, is not recognized by the 
present writer, and the species placed in it by Keen are grouped below in Typhis, Typhina, 
and the new genus Rugotyphis. The genera and subgenera Typhis, Hirtotyphis, Neo- 
typhis, Typhina, Rugotyphis, and Siphonochelus occur in New Zealand; Typhis, Typhina, 
Siphonochelus, Lyrotyphis, and possibly Semityphis occur in Australia. 

Fight Tertiary and Recent new species from New Zealand are described below, bring- 
ing the New Zealand total to twelve. These with the Australian species make up a large 
proportion (about 30%) of all the species ascribed to the subfamily, and provide 
significant information relevant to phylogeny and classification. 

Living and fossil Typhinae are rare. It must be assumed that present known ranges are 
generally less than true ranges and this must be taken into account when occurrences of 
Typhinae are used as evidence for Tertiary correlations or for faunal migrations. This 
is shown particularly well by the records of Hirtotyphis from antipodal areas, but from 
no intermediate localities, and by the odd space-time distribution of Lyrotyphis. 


Ecology. Keen (1944, p. 51) noted that most Typhinae live in the neritic zone, almost all 
having been recorded from dredgings between 12 and 800 metres, averaging 50 metres. 
[Palaeontology, Vol. 4, Part 3, 1961, pp. 362-91, pls. 46-47.] 
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TEXT-FIG. 1. Stratigraphic and geographic distributions of the genera of Typhinae. 


364 PALAEONTOLOGY, VOLUME 4 


New Zealand Tertiary occurrences are all in very similar rocks—massive to poorly 
bedded, blue-grey calcareous siltstones, with rich molluscan faunas. These sediments 
were probably deposited in moderately deep to deep water (50-200 metres) on the conti- 
nental shelf. 

Modern Typhinae occur only in tropical or warm temperate seas. The New Zealand 
Recent species Typhina pauperis and Siphonochelus solus are extremely rare and confined 
to the northern (Aupourian) faunal province. Hence New Zealand’s warmest waters 
must be close to the lower temperature limit. 


DISTRIBUTION 


Typhinae have been described from Tertiary rocks in southern and central Europe, 
the United States, the West Indies, Panama, Peru, Australia, New Zealand, Java, and 
India (a single Pliocene species). Australasian faunas more closely resemble European — 
faunas than those of America or Java. The American faunas are difficult to interpret 
from literature, because of their difference from southern faunas, but they appear to be 
largely endemic with some relationships to New Zealand and European faunas. The 
Javanese fauna is essentially endemic. 

Siphonochelus and Typhina are the only widely distributed living genera of the sub- 
family and are particularly interesting because they have the same distribution. Other 
living genera, even Typhis which was widespread in the Tertiary, are now restricted to 
small areas. 

Many Typhine genera seem to have been able to disperse rapidly and to cross deep 
oceanic basins relatively freely. The mechanism by which they accomplished this is not 
known. Neither the larva nor the mode of life of the adults has been studied. The proto- 
conch is paucispiral with a large nucleus and suggests that the larval stage has a short: 
life. The relationship of present distributions of Siphonochelus and Typhina to existing 
ocean currents, however, shows that these genera almost certainly migrated in the 
currents. This implies, in spite of the protoconch, that the larval stage has a relatively 
long life. 

The stratigraphic and geographic distribution of all the genera are summarized in the 
accompanying chart, text-fig. 1. 


Tertiary distributions. Distributions and inferred migration directions of Eocene to 
Miocene Typhinae are summarized in text-figs. 3a and 3d. 

During the Eocene (3) distinct faunas occurred in Europe, America, and Java. The 
American fauna extended into Europe, but the European fauna did not reach America. 
The Java fauna of two essentially endemic genera remained distinct through most of the 
Tertiary and was probably confined to tropical water. 

During the Oligocene and Miocene (3a) European genera spread to Australia and New 
Zealand. Most American genera were endemic, but some were related to New Zealand 
genera. Two European Miocene forms belong to a predominantly American group. 

The persistence of a distinct fauna in Java and the lack of Typhinae in the Tertiary of 
Japan make it reasonably certain that migrations between New Zealand and America 
took place not around the Pacific margin, but directly across the central Pacific. Migra- 
tion routes between America and Europe necessarily include many thousands of miles 


of deep ocean. It is assumed that most migrations of Typhinae resulted from the trans- 
port of larval stages in ocean currents. 


a 


Ee 
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From the order of appearance of groups in different areas, and from phylogenetic 
relationships, all migrations appear to have been eastward as shown in text-fig. 2, 
except for that of Indotyphis which is thought to have migrated to Java from America. 


_ Main migrations are believed to have taken place: (1) across the Atlantic from America 


to Europe; (2) through a Tethyan route, i.e. through the Mediterranean and northern 
Indian Ocean from Europe to Australia and New Zealand; (3) across the Pacific from 
New Zealand to America. 


Distribution of living genera. Recent distributions are better known than those of the past 
and can be related directly to existing currents. Since Typhinae are confined to relatively 
warm waters, only warm ocean currents need be considered as possible aids to migration. 

Restricted groups are: 

1. The American group of related genera witi: wide flange-like varices extending across the shoulder, 
Typhisopsis, Talityphis, Pterotyphis, Tripterotyphis. 

2. Two tiny species from off the west coast of Africa, referred to the once widespread genus 


) Laeyvityphis, but possibly requiring a new generic name. 


3. Two species of Typhis s.s. now confined to the New South Wales coast. 
Three forms are widespread: Typhina, its subgenus Typhinellus, and Siphonochelus. 


_ Typhina and Siphonochelus have remarkably similar distribution, both occurring in 
_ Australia, New Zealand, the north-west Pacific, and the south Atlantic (text-figs. 2a, 


2b). The living species of each are more closely related to one another than to any 
Tertiary forerunners. 
Siphonochelus became extinct in Europe after the Pliocene. It occurs in the Miocene 


-and Pliocene of Australia, and now lives in New Zealand, Australia (two species), 


Japan, China Seas, South Africa, and Cuba. Though several Typhinae occur in the 
richly fossiliferous Tertiary rocks of Panama, the West Indies, and the United States, 
Siphonochelus has not been recorded as a fossil in America, and the Cuban species 
Siphonochelus longicornis (Dall) must be regarded as a recent invader. 

The fossil record of Typhina is very incomplete. Typhina dentata (Johnson) from the 


_ Upper Eocene (Jackson) of the United States may not be a true Typhinae. The only 


reasonably certain fossil species are 7. laciniata (Tate) and T. disjuncta (Tate) from 
the Lower Miocene (Balcomian) of Australia, and T. tetragoniatus (Cossmann) from the 
Pliocene of India. Living species have been reported from New Zealand, Australia (two 
species), Straits of Macassar (Borneo), Japan, Brazil, and north-west Africa. Australia 
was probably the source from which other areas were colonized (text-figs. 2a and 2). 
Each genus appears to have migrated along three routes, two of which correspond to 
existing ocean currents: (1) northward along the western Pacific margin, (2) eastward via 
the Tasman Current to New Zealand, (3) westward via the Equatorial Current in the 
Indian Ocean, around Cape of Good Hope, northward in the Benguella Current along 


the west coast of Africa, and finally north-westward in the Atlantic South Equatorial 
_ Current to Brazil (Typhina) and to Cuba (Siphonochelus). 


Fleming (1957, pp. 19-22) in a discussion of the genus Pecten suggested that Pleisto- 


+ cene cooling would prolong larval stages and account for the known Pleistocene 
migrations. Migrations of Typhina and Siphonochelus probably also took place during 


the Pleistocene and could be explained in this way. . 
Tertiary migrations were on a smaller scale, but might similarly have depended on 
geologically more or less brief periods of favourable conditions. 
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TEXT-FIGS. 2, 3. 2, Distributions and inferred migration routes of (2a) Siphonochelus, (2b) Typhina 

migration routes correspond to existing warm ocean currents. 3, Distribution and inferred migratior 

routes of typhine genera during (3a) Oligocene to Miocene, (3b) Eocene; dashed lines delineate fossils 

square brackets indicate geographic restriction. Dotted line in 3a indicates possible Miocene equator 
after Koppen and Wegener 1924. 


PAUL VELLA: AUSTRALASIAN TYPHINAE (GASTROPODA) 367 


Typhinellus is represented by two living species, T. sowerbyi (Broderip) in the Mediter- 
ranean and T. quadratus (Hinds) on the Ecuador and Panama coasts. It is known as 
a fossil in the Pliocene of Italy, is possibly present in the Oligocene, and probably origin- 
ated in Europe. Typhinellus must have migrated across the Atlantic before the emergence 
| of the Isthmus of Panama near the end of the Pliocene (Dunbar 1949, pp. 491-2). 
STRATIGRAPHIC USE 


i Local correlation. New Zealand Tertiary Typhinae are rare and have little value for 
. internal correlation. Of the ten species known, nine are from single localities or local 
| districts, and one, Typhis (Neotyphis) tepungai Fleming, from several localities in the 
south of the North Island. 


| Regional correlation. New Zealand species from at least three stratigraphic levels are 
} more closely related to overseas species of similar age than to earlier New Zealand 
species. 
| (1) Lower—Middle Oligocene: Typhis (Typhis) adventus sp.nov. is closely related to the 
_ Australian Oligocene T. (Typhis) maccoyi Tenison-Woods, and to the European lower 
Tertiary type species, T. (7.) tubifer (Brug.). 
' (2) Upper Miocene: Typhis (Hirtotyphis) aoteanus sp. nov. is related to T. (H.) 
_ horridus (Brocchi), widely distributed in the upper Miocene and Pliocene of Europe. 
(3) Recent: the genera Typhina and Siphonochelus have no known Tertiary repre- 
i sentatives in New Zealand. The Recent species Typhina (T. yphina) pauperis (Mestayer) 
{ and Siphonochelus solus sp.nov. have affinities with Recent species in Australia and else- 
' where, as explained above. 

Several less definite overseas correlations are suggested by Typhinae. The Lower 
| Miocene Typhis (Typhis) clifdenensis sp. nov., T. (Hirtotyphis) aculeatus sp. nov., 
| Rugotyphis francescae (Finlay), and the Pliocene T. (Neotyphis) tepungai Fleming, have 
“no known closely related ancestors in New Zealand. Rugotyphis and Neotyphis are 
/ possibly represented by species in the Miocene of Central and North America. No known 
\ overseas species of Typhis is close to clifdenensis. A possible relative of T. (Hirtotyphis) 
 aculeatus in the Miocene of Italy is discussed in the systematic section below. 
Stratigraphic ranges of New Zealand and Australian species are given in the check 
ilist on p. 379. 
| CLASSIFICATION 


In 1880 Jousseaume subdivided the genus Typhis by introducing twelve new generic 
‘names. Of these nine are now in use, though some are reduced to subgeneric rank. For 
‘more than sixty years, however, most of Jousseaume’s names were neglected and the 
“remainder were largely misapplied. Authors dealing with local faunas usually described 
ispecies under one of the group names Typhis, Siphonochelus, and Typhina, and both 
) Cossmann (1903) and Thiele (1931) synonymized many of Jousseaume’s valid groups. 
|Jousseaume’ s work received due credit for the first time in the revision by Keen (1944). 

Keen’s catalogue of species and bibliography greatly facilitate study. Her generic 
‘revision, though a great step forward, was yet too conservative. Keen’s phylogenetic 
account and subgeneric groupings are based mainly on the number of varices per whorl, 
and the position of the intervariceal tubes relative to the varices. Other important 
features are neglected. 
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The number of growth steps per whorl, the position and inclination of the inter- 
variceal tubes, and the form of the varices, protoconch, aperture, and anterior canal are 
useful conservative shell features that are discussed below. 


Growth steps. Each varix (sometimes paired) terminates a growth step. Of nine genera 
of Typhinae, six have 4-2 growth steps per whorl, and these include such distinct groups 
as Typhis, Siphonochelus, Laevityphis, and Talityphis. The number of growth steps per 
whorl is constant from juvenile to adult. It follows that 4-2 growth steps per whorl is 
a fundamental character of the subfamily, presumably inherited from a pre-Eocene 
common ancestor. Various groups with 4:2 growth steps per whorl, distinguishable 
mainly by variceal characters, evolved, in most cases prior to the Eocene, and some of 
these subsequently gave rise to the divergent groups with three or five growth steps. Two: 
genera have three growth steps per whorl and one has five, and these can be related by 
the forms of their varices to groups with the standard 4-2 growth steps. 


Aperture and anterior canal. The aperture and anterior canal are so conservative that 
they are only exceptionally of use for generic classification. Typically the aperture is 
entire, broadly ovate or circular, surrounded by a thin, raised rim which rarely is in part 
expanded to form a secondary varix; the lower border may be rounded, or faintly angled 
in accordance with the angle at which the outer and inner walls of the final growth stage 
are united. The only exception is the aperture of Lyrotyphis. 

The anterior canal is always closed, typically broad and flattened, carrying the lower 
part of the varix, and bent more or less sharply to the right, tapering in well-preserved 
specimens to a delicate subcylindrical tube. Canals of the previous growth steps forming 
the body whorl are visible, and distinct from the final canal and from one another. 
Haustellotyphis is exceptional in having a straight canal without distinct earlier canals. 


Intervariceal tubes. In all specimens examined the intervariceal tubes have approximately 
the same position on the growth steps. All the shells have linear ridges or scars indicating 
the positions of former apertures, and the tubes arise on the shoulder directly in front 
of these. The tubes are usually about mid-way between the varices, but their position 
relative to the varices depends on the position of the varices on the growth steps. 
Typhinellus sowerbyi has secondary varices developed on the apertural rim, and conse- 
quently Keen was correct in stating that the tubes are ‘nearer to preceding than to 
succeeding varices’. Some species of Typhina, however, which are supposed to have tubes 
mid-way between the varices, also have secondary varices on the apertural rim, and just 
behind the tubes on earlier growth steps. In both Typhinellus and Typhina the tubes are 
mid-way between the primary varices, and other characters must be used to distinguish 
these forms. The position of the intervariceal tubes seems to have no value except for 
distinguishing a few overseas groups. 

In some groups the inclination of the intervariceal tubes is significant. In Typhis s.s. 
the tubes consistently point obliquely backwards and usually only slightly above the 
horizontal. The most divergent species is Typhis clifdenensis in which the tubes are 
twisted upwards at an exceptionally high angle (c 40°) from the horizontal. The back- 
ward deflection of the tubes is constant in Typhis s.s. and persists in the subgenera 
Hirtotyphis and Neotyphis. In Rugotyphis, on the other hand, the tubes are nearly radial 
and confirm that this genus is divergent from Typhis. In Laevityphis, Siphonochelus, and 
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| Lyrotyphis the tubes point almost vertically upward, sometimes a little backward. The 

_ adult shell of Neotyphis is convergent to Laevityphis in the characters of the tubes and 


' varices, but the juvenile characters show it to be related to Typhis. 


1 Protoconch. In describing protoconchs the term nucleus is used as recommended by 


_ TEXT-FIG. 4. Apices of Typhinae: 1, 2, Typhina (Typhina) bivaricata (Verco); 3, 4, Lyrotyphis syringianus 

_ (Hedley). 5, Typhina (Typhina) yatesi (C. & F.). 6, Typhis (Typhis) hebetatus Hutton. 7, Typhina 

(Typhina) pauperis (Mest.). 8, Typhis (Typhis) adventus sp. nov. 9, Typhis (Neotyphis) tepungai Fleming. 
10, Typhis (Typhis) maccoyi Ten.-Woods. 


Marwick (1957, p. 14) for the ‘semiglobular initial part’ consisting of about half a whorl. 
_ Protoconch whorls were counted as proposed by Burnett Smith (1945). 

Protoconchs are lacking from most New Zealand specimens and are not known for 
Hirtotyphis, Rugotyphis, and Siphonochelus. Protoconchs have been available on Neo- 
typhis tepungai, Lyrotyphis syringianus, and three species each of Typhis s.s. and Typhina 
_g.s., all of which are illustrated in text-fig. 4. 

In both Typhis and Typhina the protoconchs have a consistent form, and between 
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each group are consistent differences. Typhis has a tall protoconch of one and ahalfto — 
one and three-quarter whorls, commencing with a large rounded eccentric nucleus. 
From the nucleus the initial whorl rapidly expands to full diameter so that the proto- 
conch is subcylindrical. Typhina has a protoconch of about one and a quarter whorls, 
with an eccentric nucleus similar to that of Typhis, but expanding more gradually so 
that the lower part is considerably broader than the top. 

Only one slightly worn protoconch of Neotyphis is known. Except that it seems to 
have an incipient peripheral angle, it is similar to that of Typhis. The protoconch of 
Lyrotyphis differs from that of Typhina only in having a more depressed. initial whorl. 

Protoconchs have systematic value but few useful descriptions have been published. 


Types of varices. Six varix types are recognized. At least three have existed since the - 
Eocene. Varix types are regarded as more fundamental to classification than the number 
of growth steps per whorl, and in the classification proposed below each varix type 
distinguishes a genus or a group of related genera. Forms with more or less than the 
standard 4:2 growth steps per whorl are given generic rank within their varix type group. 
Most subdivisions based on other characters are given subgeneric rank. 

For convenience, each varix type is referred to by the name of the genus or most 
important genus of which it is characteristic. The six varix types are described below: 

1. Siphonochelus type: smooth and rounded, not crossing the shoulder to the previous 
whorl, but curving back at the top to coalesce with the intervariceal tube. It is misleading 
to describe the tubes of Siphonochelus as immediately preceding the varices, because 
the tubes are situated just ahead of the scars of former apertures, and occupy the same 
relative position on the growth steps as in other genera. Siphonochelus has always been. 
recognized by its distinctive varices. Semityphis with three growth steps per whorl, and 
Lyrotyphis with five growth steps per whorl, both have varices like those of Siphonochelus. 
As Siphonochelus has the fundamental 4-2 growth steps per whorl, it is considered to 
have evolved first, and Lyrotyphis and Semityphis are regarded as derivatives. 

2. Laevityphis type: rounded folds not crossing the shoulder, each surmounted on top 
by a single, vertical hollow conical spine. The intervariceal tubes are nearly vertical. 
In the subgenus Indotyphis the tubes are differently disposed, and relationship is inferred 
solely from variceal characters. 

3. Typhis type: broad, rounded folds not crossing the shoulder, each with hollow 
conical spines arranged in a linear series along the crest and diminishing downwards. 
In Typhis s.s. the varices and variceal spines curve backwards. In Hirtotyphis the spines. 
become grotesquely enlarged, straight or nearly straight and radial. In Neotyphis all but 
the uppermost spine on each varix are obsolete and the uppermost spine points nearly 
vertically upward. 

Typhis s.s., with typical varices, has persisted from the Lower Eocene to the Recent. 
The consistent backward deflexion of the intervariceal tubes, and the similarity of proto- 
conchs, discussed above, are confirming evidence of the relationship of the forms 
grouped in Typhis. 

4. Typhina type: thin, frilled flanges, with open trough-shaped spines contrasting with 
the closed, hollow, conical spines of Typhis and Laevityphis. The main varix does not 
cross the shoulder vertically, but runs forward along the peripheral angle of the whorl 
as a low flange, then curves upward to join the apertural rim at a tangent. In 7. belcheri 
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and bivaricata, and in the two living species of Typhinellus, part of the apertural rim 
is expanded to form a secondary varix. In T. pauperis and yatesi the apertural lip is not 
expanded. 

At the top of each primary varix a large trough-like spine curves upward and in 
toward the spire, usually with a slight twist either backward or forward. The outer edge 
of each varix may be produced to small trough-shaped spines at intervals below the 
upper spine, or may be simply frilled. In Typhina the outer edge of each varix curls 
forward; in Typhinellus it curls backward. 

5. Rugotyphis type: intermediate between the Typhis type and the Typhisopsis type. 
It resembles the Typhis type in being broad at the base, fold-like and curved slightly but 
distinctly backwards. It resembles the Typhisopsis type in extending across the shoulder 
and having an acute foliated crest. Other distinctive features are an ornament of irregu- 
lar, more or less radial ribs on the front face only, and tiny trough-shaped spines on the 
crest of the varix below the shoulder. The part of the varix crossing the shoulder is lower 
and narrower than the part below the peripheral angle, bears no spines, and runs 
obliquely forward toward the suture, abutting against the corresponding varix on the 
previous whorl. The varices thus form four continuous ridges ascending in steep sinistral 
spirals to the apex of the shell. 

6. Typhisopsis type: elevated, flange-like, frilled, crossing the shoulder, extending with 
little change in elevation from the anterior canal to the previous whorl, characteristic of 
an American group which appeared in the Miocene and persists at the present day, com- 
prising 7yphisopsis and Talityphis each with 4-2 growth steps per whorl, and Prerotyphis 
and Tripterotyphis each with 3 growth steps per whorl. 


Summary of classification based primarily on varix types. 


The suggested reclassification of the Typhinae is set out in tabular form below. The 
asterisk (*) indicates subgenera not known in Australasia. 


1. Siphonochelus group: varices broadly rounded, fold-like, typically without spines, curving back at 
the top to coalesce with the tubes. 
Genera Siphonochelus: 4-2 growth steps per whorl. 
Lyrotyphis: 5 growth steps per whorl. 
Semityphis: 3 growth steps per whorl. 
2. Laevityphis group: varices broadly rounded, fold-like, not crossing the shoulder, each surmounted 
on top by a single, nearly vertical spine. 
Genus Laevityphis: 4-2 growth steps per whorl. 
*Subgenus Laevityphis: tubes nearly vertical. 
*Subgenus Indotyphis: ‘tubes twisted forward and soldered to the back of the next varix’ (Keen 
1944, p. 52). 
*Subgenus Pilsbrytyphis: irregular axial sculpture. 


3. Typhina group: primary varices flange-like, excavated in front, inclined forward, each with a large, 
trough-like spine at the top, curving up and in toward the spire; not crossing the shoulder vertically, 
but running forward along the periphery as a low lamellar flap, then curving up to join the apertural 
rim. Secondary varices developed in some species by extension of the apertural rim. 

Genus Typhina: 4:2 growth steps per whorl. 

Subgenus Typhina: outer edge of varix curling forward; varix retracted at the top of the anterior 
canal, in some species represented on the canal by flattened, fin-like spines; body whorl more or 
less convex. 

*Subgenus Typhinellus: outer edge of varix curling backwards; varix crossing without reduction 
in width from body to anterior canal; body whorl more or less regularly tapered. 
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4. Typhis group: varices broad, rounded, fold-like, not crossing the shoulder, each bearing on the 
crest a row of hollow conical spines. 
Genus Typhis: 4:2 growth steps per whorl. ; 
Subgenus Typhis: varices of body whorl each with three to eight backward curving spines of 
moderate size: tubes bent obliquely backwards, and upwards not more than 40° from horizontal. 
Subgenus Hirtotyphis: varices of body whorl each with three to six large, nearly straight, radial 
spines. 
Subgenus Neotyphis: adult varices each with one nearly vertical spine on top, obsolete spines 
below; adult tubes nearly vertical; juvenile varices and tubes as in Typhis. 
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TEXT-FIG. 5. Phylogeny of the Typhinae; where possible names are written opposite epoch at which 
genera or subgenera make their first definite appearance; query (?) indicates species doubtfully referred 


to a genus or subgenus; dotted lines show where lineages are not represented by fossils; varices per 
whorl given by number in brackets above each name. 


5. Rugotyphis group: varices extending across shoulder to previous whorl, ornamented on the front 


faces with irregular, more or less radial ribs, broad based, but with acute foliated crests serrated by tiny 
trough-shaped obsolete spines. 


Genus Rugotyphis: 4-2 growth steps per whorl. 
6. Typhisopsis group: varices elevated, flange-like, frilled, extending with little change in width from 
anterior canal to previous whorl. 
Genus 7yphisopsis: 4-2 growth steps per whorl. 


*Subgenus Typhisopsis: tubes connected to previous whorls by laminar buttresses. 
*Subgenus Talityphis: tubes free. 


Genus Pterotyphis: 3 growth steps per whorl. 
*Subgenus Pterotyphis: tubes free. 
*Subgenus Tripterotyphis: tubes coalesced with succeeding varices. 


PHYLOGENY 


The relationships of the genera and subgenera are summarized in the phylogenetic 
table, text-fig. 5, and are discussed in the systematic descriptions below. | 
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SYSTEMATIC DESCRIPTIONS OF THE GENERA 


_ Descriptive terminology. ‘Preceding varix’ and ‘succeeding varix’, Keen (1944), mean previously formed 
| varix and later formed varix. 

The shell is considered to be oriented with the axis of coiling vertical, the apex pointing up and the 
» aperture facing the observer. Top and bottom and similar words are applied in their absolute sense 
to the shell as oriented. Forward and backward mean toward and away from the aperture in the 
direction of coiling. 


————————EE— 


Synonymies. Full synonymies of the genera were given by Keen (1944) and are not repeated. 


Genus TYPHIS Montfort 1810 
Type species, by original designation, Purpura tubifer Bruguiére 1792 (Eocene, Grignon, France). 


Cossmann’s figure (1903, pl. 2, fig. 23) of Typhis tubifer shows rather narrow, but 
| rounded variceal folds, each bearing on the crest a linear series of tubular spines. The 
' varices do not cross the shoulder, and the final one extends, gradually diminishing down- 
| wards, on to the anterior canal. According to Keen (1944, p. 53) Bruguiére’s original 
| figure shows tubifer to have about twice as many variceal spines as T. pungens (Solander) 
) (here figured Pl. 47, fig. 29), a British Eocene species which has three spines per varix. 
| New Zealand species of Typhis s.s. invariably have six spines on each varix of the body 
, whorl. 

_ Each variceal spine bears on its front face a longitudinal, linear, sutural groove, 
| extending from the tip on to the front surface of the varix. On well-preserved specimens 
' the varix between each pair of sutural grooves is covered by arcuate growth-lines which 
| are convex towards the aperture and meet the sutural grooves almost tangentially. A 
) specimen of 7. hebetatus Hutton from Awamoa (PI. 46, fig. 13) has an incompletely 
_ formed final growth step on which the spines are trough-shaped, lamellar structures 
still open towards the front. It is clear that the sutural groove of the complete spine is 
-the seam along which the two sides of the originally open trough-shaped spine are 
) joined. On neanic whorls of all species of Typhis that have been examined the variceal 
) spines are open trough-shaped structures. 

' On adult whorls of Typhina the single large variceal spine on each varix is typically a 
| lamellar trough-shaped structure. The only known exception is the Australian Typhina 
| (Typhina) yatesi (C. & F.) in which the spine is closed for part of its length, the sides of 
‘ the trough having curled far enough around to meet and become soldered together. The 
} neanic variceal spines of Typhis apparently recapitulate a stage in evolution comparable 
| with the adult spines of Typhina. The latter was probably represented in the Eocene by 
_ Typhis dentatus Johnson (Jackson, Mississippi), referred to Typhina by Keen (1944, 
| p. 66), and it is inferred that Typhis and Typhina evolved, as shown in text-fig. 3, from 
_a hypothetical pre-Eocene ancestor close to Typhina. 

_ Typhina, Typhinellus, Haustellotyphus, Talityphis, and Typhisopsis, all having 4-2 
growth steps per whorl, and regarded by Keen as subgenera of Typhis, are here grouped 
| in different genera. Three subgenera of Typhis are recognized: 


oe 


Typhis sensu stricto 
| Hirtotyphis (regarded by Keen as synonymous with Typhis) 
| Neotyphis new subgenus. 


Hirtotyphis and Neotyphis are Miocene-Pliocene short-lived derivatives of Typhis, 
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represented by few species. The subgenus Typhis is a conservative group including six 
European, five New Zealand, and four Australian species, ranging in age from lower 
Eocene to Recent. The stratigraphic and geographic occurrences and probable phylo- 
genetic relationships of species of Typhis, Hirtotyphis, and Neotyphis are summarized 


in text-fig. 6. 
A description of the French Eocene 7. peyreirensis Cossmann and Peyrot has not 
been seen. The Australian and New Zealand Oligocene species T. maccoyi T.-Woods. 


enera_ HIRTOTYPHIS TYPH/S NEOTYPHIS 
RECENT phillippensis A interpres A 


PLIOCENE te) E 
ULMIOCENE {i7yeaus A 
M. MIOCENE 


Cepungai N.Z. 


n, sp.N.Z 


L. MIOCENE eH ee f acanthopterus A clifdenensis N.Z. 
T OLIGOCENE hebetatus, N.Z. 

adventus NZ. 
L.OLIGOCENE Keane A 


U. EOCENE peyrairensis E 
M. EOCENE bubifer = 


rutoti E  pungensé 
ventricosior E 


L.EOCENE 


TEXT-FIG. 6. Phylogeny of Genus Typhis. Subgenera shown in upper-case italics, species in lower-case 
italics. E, Europe, A, Australia, NZ, New Zealand, indicate where species occur. 


and T. australis sp. nov. are close to the European upper Eocene T. tubifer (type species 
of Typhis). Relationship of these three species to the European Oligocene T. peyreirensis 
is inferred but has not been confirmed. According to Keen (1944, p. 65) the Italian Lower 
Miocene 7. intermedius was confused with Hirtotyphis horridus (Brocchi) by Montanaro 
(1934, p. 10, pl. 1, fig. 1). On account of its greatly enlarged upper variceal spines and 
obsolete lower spines the New Zealand Lower Miocene Typhis (Hirtotyphis) aculeatus 
is thought to belong to the same lineage as Hirtotyphis aoteanus and horridus. T. inter- 
medius also belongs to this group. These four species are grouped in Hirtotyphis to 
emphasize this relationship but the earlier species aculeatus and probably the Italian 
form are less distinct from Typhis s.s. than are the later species. 

The genetic relationships between species of Typhis and of Hirtotyphis suggested in 
text-fig. 6 imply communication between Europe and Australasia (or at least New 
Zealand) from about Middle Oligocene to Upper Miocene time. The Pliocene Neotyphis, 
on the other hand, has no European relatives, but it possibly has some representatives 
among Miocene and Pliocene American shells referred by Keen to Laevityphis (e.g. L. 
linguiferous (Dall)). 

The double varices of the Australian Lower Miocene species T. acanthopterus Tate . 
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| 
are abnormal, but probably do not indicate a fundamental difference. A similar, though 
not parallel, modification is exhibited by some species of Typhinellus and Typhina, 
| particularly by Typhina (Typhina) bivaricatus (Verco). 


Subgenus HIRTOTYPHIS Jousseaume 1880 


Type species, by original designation, Hirtotyphis horridus (Brocchi) = Murex horridus Brocchi 1814, 
_ Upper Miocene-Pliocene, Europe. 


Hirtotyphis horridus is distinguished by three very large, nearly straight, radially 
| directed spines on each varix of the body whorl. The discovery of related species in 
_ Miocene rocks of New Zealand lends greater significance to the form which is widely 
| divergent from the New Zealand Miocene and Australian Recent species of Typhis s.s. 
| Subgenus NEOTYPHIS subgen. nov. 


_ Type species Typhis tepunga Fleming 1943, Pliocene, New Zealand. 


_ Shell of moderate size with 4-2 growth steps per whorl, varices rounded folds, not 
' crossing the shoulder, nearly smooth except for a single vertical spine on top of each— 
| simulating Laevityphis; tubes midway between varices, directed obliquely backwards, 
i steeply upwards on adult whorls but almost horizontally on the first post-nuclear whorl ; 
“neanic varices as in Typhis s.s.; protoconch large, differing from that of Typhis s.s. in 
| having an incipient peripheral keel. 


) Remarks. Each varix of the body whorl of Neotyphis tepungai has two nodules on the 
crest at intervals below the vertical spine. On the holotype the upper nodule of the 
| terminal varix is produced to a tiny hollow conical backward curving spine. The nodules 
/are vestigial spines with sutural grooves. The growth-lines of the varices have the same 
‘relation to these as in Typhis s.s. Neotyphis is thus closely related to Typhis, not to the 
superficially similar Laevityphis. The neanic varices and tubes confirm this relationship. 
| Typhis linguiferus Dall, placed in Laevityphis by Keen, may be a Neotyphis. According 
to Dall (1890, p. 152, pl. 12, fig. 7) the protoconch has ‘two laxly coiled, polished, peri- 
‘pherally-keeled nuclear whorls’. Judged from Dall’s figure (Gardner 1947, p. 53, fig. 17) 
ithe peripheral keel is not obvious, and the protoconch is very like that of Neotyphis 
\tepungai. T. linguiferus also resembles Neotyphis and not Laevityphis in the position of 
the varices relative to the tubes and in the nature of the neanic varices and tubes. On the 
{other hand, Dall’s figure shows no trace of vestigial spines on the varices. 7. linguiferus 
‘is closer to Neotyphis than to Laevityphis and is tentatively included in Neotyphis. 


Genus LAEVITYPHIS Cossmann 1903 
‘Type species, by original designation, Typhis coronarius Deshayes 1865, Lower Eocene, France. 
| 


| Laevityphis coronarius is a small, elongate shell with narrow, but rounded, smooth 
varices each with a single almost vertical spine on top. The terminal varix is well behind 
ithe aperture and earlier varices are closer to the preceding than to the succeeding tubes. 
,Cossmann’s illustration (1903, pl. 2, fig. 18) shows both tubes and spines nearly vertical 
fon all (including neanic) whorls. 

Laevityphis is mainly an Eocene—Oligocene group. Of the American Miocene species 
\referred here, Typhis cercadicus Maury (from Santa Domingo) seems to be the only true 


376 PALAEONTOLOGY, VOLUME 4 


Laevityphis. Typhis sawkinsi Mansfield has varices extending across the shoulder and 
may be generically distinct. T. costaricensis was first described as a variety of T. lingui- 
ferus and may be a Neotyphis. 

The East African Recent species 7. transcurrens von Martens and T. tubuliger Thiele, 
referred to Laevityphis by Keen, are much smaller than Tertiary species and may be 
a distinct genus or subgenus. 

Pilsbrytyphis Woodring 1959 is regarded as a subgenus of Laevityphis, differing in 
having irregular ornament. 


Genus RUGOTYPHIS gen. nov. 
Type species Typhis francescae Finlay 1924, Lower Miocene, New Zealand. 


Shell large for the subfamily, solid, with 4-2 growth steps per whorl; tubes directed . 
radially or only slightly backwards, nearly horizontal; varices about midway between 
tubes, broad, elevated, with acute, foliated, crenulated crests, inclined away from the 
aperture, continued across the shoulder and contiguous with varices of previous whorl, 
forming four steep, sinistral spiral ridges from body to apex; apertural sides of varices 
ornamented with irregular, more or less radial ribs ; reverse sides of varices and remainder 
of shell smooth except for growth-lines; protoconch not seen. 


Remarks. Superficially Rugotyphis secundus sp. nov. resembles Typhis hebetatus Hutt. 
but Rugotyphis differs from Typhis in the nearly radial tubes, the continuation of the 
varices over the shoulder, and the lack of conical spines on the varices. The part of the 
varix crossing the shoulder is narrower and less elevated than the portion below the 
peripheral angle and is not crenulated. The crenulations of the lower parts of the varices 
are formed by tiny lamellar spines which curl forward at the edges to become shallowly. 
trough-shaped. 

The size and shape of the shell and the solidness and backward inclination of the 
varices suggest that Rugotyphis is intermediate between Typhis and Typhisopsis. 

Two American species may belong to Rugotyphis, Typhis harrisi Olsson (Florida, 
Miocene), and 7. floridanus Dall (Florida, Pliocene). T. floridanus has varices extending 
across the shoulder, with oddly twisted spines on the peripheral angle. Dall (1889, p. 216) 
described the ornament on the front surface of the varix as follows: ‘spiral sculpture of 
a few low ridges extending from the vicinity of the aperture to the summit of the varix, 
where they appear as serrations or abortive spines’. This description fits Rugotyphis 
much better than Typhina or Typhinellus. 


Genus TYPHINA Jousseaume 1880 


oe species, by original designation, Typhis belcheri Broderip 1833, Recent, off Cape Blanco, West 
1Ca. 

Typhina and Typhinellus are here grouped together as subgenera of the genus Typhina. 
Both names were first published in Jousseaume’s summary list of the Muricidae (1880, 
p. 335). According to Iredale (1924, p. 272) Typhinellus appears ahead of Typhina in the 
list, and therefore has page precedence for generic status. The International Rules 
recommend that page precedence should be observed in the event of ‘other things being 
equal’. Typhina is given generic status because it is the larger, more important, more 
widespread and apparently older group. Typhinellus is considered to be a specialized 
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| 
derivative of Typhina and therefore is more appropriately regarded as a subgenus of 
| Typhina. 

___Reeve’s illustrations of T. belcheri (1842, pl. 240, figs. 5, 6) show clearly the structure 
_ of the varices. Photographs of Reeve’s illustrations are reproduced below (PI. 47, figs. 

17, 18). Both primary and secondary varices are present. The outer edges of the primary 
_ varices are crenulated and curled forward. The secondary varices are simple low out- 
, growths of the apertural rim, extending from the previous whorl to opposite the peri- 
_ pheral angle. The intervariceal tubes are situated midway between the primary varices 
_ and are bent obliquely backwards and upwards at a moderate angle from the horizontal. 

In the indisputable species of Typhina, yatesi and pauperis, secondary varices are not 

_ developed. In T. bivaricata the ‘secondary varices are almost as large as the primary 

) varices, the whole of the outer semicircle of the apertural rim being expanded to form 

» a prominent variceal flange. In Typhina, therefore, the secondary varix is quite variable, 

_ and has no generic significance. 


Subgenus TYPHINELLUS Jousseaume 1880 


' Type species, by original designation, Typhis sowerbyi Broderip 1883, Recent, Mediterranean. 
| 


I 


_ That Knudsen (1956, pp. 20, 21) regarded T. belcheri as a synonym of T. tetrapterus 
of Kobelt 1887 ( = T. sowerbyi) emphasizes the similarity between Typhinellus and 
_ Typhina. Separation of the two subgenera, however, is supported by their different 
) space-time distributions. 

___T. sowerbyi is well illustrated by Reeve (1842, pl. 240, figs. 7, 8, 9), and his figures 
| are reproduced (PI. 47, figs. 14, 15, 19). 

_ Three main characters distinguish Typhinellus from Typhina: (1) The outer edges of 
' the primary varices of Typhinellus curve backward instead of forward as in Typhina. 
\ (2) The primary varices of Typhinellus continue without constriction on to the anterior 
‘ canal, whereas those of Typhina are constricted at the top of the canal and in most 
' species are absent from the canal or are represented by flat fin-like spines. (3) The body 
» whorl of Typhinellus tapers almost regularly from the peripheral angle to the anterior 
‘canal; that of Typhina is generally strongly convex. 

Typhinellus appears to have originated in Europe. The only undoubted fossil record 
-is T. tetrapterus (Brown) from the Pliocene of Europe, regarded by Keen as a synonym 
tof T. sowerbi. A shell from the Oligocene of Italy was described by Sacco (1904, p. 17, 
| pl. 4, fig. 20) as Typhis (Typhinellus) tetrapterus var. protetrapterus. The writer has not 
' seen Sacco’s description. If a true Typhinellus, this shell would show that Typhinellus 
‘has been distinct from Typhina for a much longer time than would seem likely from their 
‘relatively small differences. 

The shell from the Miocene of Hungary, illustrated as Murex (Typhis) tetrapterus by 
| Hoernes (1856, pl. 26, fig. 10), has varices continuing directly across the shoulder and 
lacking even the single spines of Typhinellus. It is not a Typhinellus, but seems to belong 
.to the American Typhisopsis group and probably needs a new generic name. 

_ A revised list of species of Typhina and Typhinellus is given below: 

| Typhina (Typhina) belcheri (Broderip), Recent, West Africa 
Typhina (Typhina) bivaricata (Verco), Recent, South Australia 
Typhina (Typhina) cleryi (Petit), Recent, Brazil 
Typhina (Typhina) disjuncta (Tate), Miocene, Australia 

B 9425 Bb 
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Typhina (Typhina) laciniata (Tate), Miocene, Australia 

Typhina (Typhina) montforti (A. Ad.), Recent, Japan 

Typhina (Typhina) nitens (Hinds), Recent, Straits of Macassar 
Typhina (Typhina) pauperis (Mestayer), Recent, New Zealand 
Typhina (Typhina) tetragoniatus (Cossmann), Pliocene, India 
Typhina (Typhina) yatesi (C. & F.), Recent, South Australia 
Typhina (Typhinellus) quadratus (Hinds), Recent, Ecuador 
Typhina (Typhinellus) sowerbyi (Broderip), Recent, Mediterranean 
Typhina (Typhinellus) tetrapterus (Bronn), Pliocene, Italy 

Typhina (Typhinellus)? protetrapterus (Sacco), Oligocene, Italy 


Genus TYPHISOPSIS Jousseaume 1880 


Type species, by original designation, Typhis coronatus Broderip 1833 = T. grandis A. Ad. 1855, 
Recent, Gulf of California. 


Subgenus TYPHISOPSIS 5.5. 
Subgenus TALITYPHIS Jousseaume 1882 


Type species, by original designation, Typhis expansus Sowerby 1874, Recent, probably Caribbean 
(Keen 1944, p. 56). 


The varices are close behind the aperture or apertural scars and continue across the 
shoulder without break or decrease in size. 

In Typhisopsis each tube is supported by a ‘laminar remnant of former outer lip’ 
(Keen 1944, p. 57), while in Talityphis the tubes are free. In view of the variability in 
the development of the outer lip (secondary varix) in Typhinellus, the validity of the 
distinction between Typhisopsis and Talityphis seems questionable. 

Neither of these subgenera occurs in Australia or New Zealand. 


Genus PTEROTYPHIS Jousseaume 1880 


Type species, by original designation, Typhis pinnatus Broderip 1833, Recent, locality unknown. 


Subgenus PTEROTYPHIS S.s. | 
Subgenus TRIPTEROTYPHIS Pilsbry and Lowe 1932 | 


Type species, by original designation, Typhis lowei Pilsbry 1931, Recent, Panama. 


Pterotyphis has three growth steps per whorl and very elevated flange-like varices 
continuous from low on the anterior canal to the previous whorl. In Prerotyphis s.s. the 
tubes are close to but not joined to the succeeding varices; in Tripterotyphis the tubes 
are coalesced with the succeeding varices. The varices are similar to those of Typhisopsis 
and for this reason Pterotyphis is thought to have evolved, in the late Oligocene or 
Miocene, from Talityphis by reduction of the number of growth steps in each whorl. 
The anomalous position of the intervariceal tubes may indicate that Pterotyphis is of 
greater antiquity, convergent with Typhisopsis in variceal characters. 

Pterotyphis and Tripterotyphis are not known in Australia or New Zealand. 


Genus SIPHONOCHELUS Jousseaume 1880 


Type species, by original designation, Typhis avenatus, misprint for T. arcuatus Hinds 1843 (corrected 
by Jousseaume 1882, p. 337), Recent, South Africa. 


Siphonochelus has 4-2 growth steps per whorl and rounded, fold-like varices, not ~ 
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crossing the shoulder, more or less curved backward at the top and coalesced with the 
preceding tubes. Commonly an intervariceal axial fold is present just behind each tube. 

Typical species (arcuatus, fistulosus, solus) have smooth, spineless varices. Typhis 
parisiensis @Orbigny was illustrated by Cossmann (1903, pl. 2, fig. 19) as Typhina, and 
by Wrigley (1930, pl. 10, fig. 40) as Typhis, but was placed in Siphonochelus by Keen 
(1944, p. 66). Specimens from Barton, England (Eocene), in the New Zealand Geological 
Survey collection have sharp-crested varices with obsolete trough-shaped spines or 
crenulations on the varices. It is probably a primitive form intermediate between 
Siphonochelus and a hypothetical pre-Eocene ancestor common to Typhis or Typhina. 
S. parisiensis may require a new generic or subgeneric name. 


Genus LYROTYPHIS Jousseaume 1880 


Type species, by original designation, Typhis cuniculosus Duchatel = Murex cuniculosus Nyst 1836, 
Oligocene, Belgium. 

Varices as in Siphonochelus; five growth steps per whorl; aperture acutely angled at 
the bottom, encroaching on to the anterior canal. Cossmann (1903, pl. 3, figs. 4, 5) and 
Keen (1944, p. 54, fig. 5) show a straight anterior canal, though Cossmann stated that 
it is slightly bent. 

Keen regarded Lyrotyphis as a subgenus of Siphonochelus and recognized only two 
species, cuniculosus and schlotheimi, both from the Oligocene of Europe. To these must 
be added T. syringianus Hedley, Recent, New South Wales. 

Hedley (1903, p. 381) states syringianus has four post-nuclear whorls with twenty 
‘double-varices’, implying five varices per whorl. A specimen from Tasmania, in the 
New Zealand Geological Survey collection, agrees well with Hedley’s figure and 
description. As well as five growth steps per whorl, it has a less constricted aperture than 
is usual in Typhinae, with an acutely angled lower border encroaching on the anterior 
canal, as in the type species. The apertural rim is lower than in the other Typhinae 
examined, and becomes indistinct about the basal angle. Hedley’s ‘double-varices’ 
consist of the varices and smaller intervariceal folds situated just behind each tube, the 
costules intermédiaires of Cossmann (1903, p. 62). 

Lyrotyphis is very similar to Siphonochelus in all except the number of growth steps 
per whorl and the atypical aperture. Cossmann (1903, pp. 62-63) noted in cuniculosus 
a weak posterior channel, no more than a slight angle in the apertural border, and the 
extension of the aperture downward on to the anterior canal. He considered these 
features important, and gave full generic status to Lyrotyphis. 


Genus SEMITYPHIS Martin 1931 
Type species, by monotypy, Semityphis incisus Martin 1931, Upper Eocene, Java. 


Semityphis has three growth steps per whorl. The smooth varices suggest closer 
relationship to Siphonochelus than to other genera. 


CHECK LIST OF AUSTRALASIAN SPECIES OF TYPHINAE 


Genus Typhis 
Subgenus (7yphis) 
maccoyi T.-Woods. Oligocene (Janjukian), Australia 
adventus sp. nov. Mid. Oligocene (Duntroonian—Waitakian), New Zealand 
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hebetatus Hutton. Upper Oligocene (Otaian), New Zealand 
acanthopterus Tate. Lower Miocene (Balcomian), Australia 
planus sp. nov. Lower Miocene (Altonian), New Zealand 
clifdenensis sp. nov. Lower Miocene (Altonian), New Zealand 
n.sp. (unnamed) Mid. Miocene (Waiauan), New Zealand 
philippensis Watson. Recent, Australia 
interpres Iredale. Recent, Australia 
Subgenus Hirtotyphis 
aculeatus sp. nov. Lower Miocene (Altonian), New Zealand 
aoteanus sp. nov. Upper Miocene (Tongaporutuan), New Zealand 
Subgenus Neotyphis 
tepungai Fleming. Pliocene (Opoitian—Waitotaran), New Zealand 
Genus Typhina 
Subgenus J7yphina 
disjuncta (Tate). Lower Miocene (Balcomian), Australia 
laciniata (Tate). Lower Miocene (Balcomian), Australia 
bivaricata (Verco). Recent, South Australia 
yatesi (C. & F.). Recent, South Australia 
pauperis (Mestayer). Recent, New Zealand 


Genus Siphonochelus 
evaricosus (Tate). Lower Miocene (Balcomian), Australia 
rugicostatus Chapm. and Crespin. Pliocene (Kalimnan), Australia 
generosus Iredale. Recent, New South Wales 
pavlovae = pavlova Iredale. Recent, New South Wales 
solus sp. noy. Recent, New Zealand 
Genus Lyrotyphis 
syringianus (Hedley). Recent, New South Wales, Tasmania 
Genus Semityphis 
? Semityphis sp. = Typhis tripterus Tate, 1888 (naomonym of T. Tripterus Grateloup 1833). ? Pliocene, 
Adelaide bore, Australia 


DESCRIPTION OF SPECIES 


All New Zealand species are illustrated and described below, together with four Australian species 
from the New Zealand Geological Survey collection. 


Measurements. For most species three dimensions are given in the following order: (a) height; 
(6) maximum diameter, i.e. including the varices, and spines if present, measured when possible between 
the terminal and antepenultimate varices; (c) the diameter excluding the varices and spines, measured 
immediately behind the terminal and antepenultimate varices. All dimensions are in millimetres. 
Estimated dimensions of broken specimens are given in brackets. 


Genus TYPHIS Montfort 
Subgenus TYPHIS 
Typhis (Typhis) adventus sp. nov. 


Plate 47, fig. 23; text-figs. 4, 8 


Shell of moderate size, delicate, elongate, with elevated spire; peripheral angle high, 
shoulder narrow, base convex; varices narrow, raised folds, each with two spines visible 
on spire whorls, six on body whorl, the uppermost of which are of moderate size with 
strong backward curvature, decreasing downwards, the lowest two very small, situated 
on the anterior canal; tubes situated on the shoulder, higher than the tops of the varices, 
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inclined obliquely backwards and slightly upwards; surface of shell smooth except for 
growth-lines and scars of former apertures. 

Dimensions. Holotype: 21 (24); 14; 11. Paratype: 21; 12-5; 10. 

Repository. Holotype and paratype, New Zealand Geological Survey. 

Localities. Holotype: G.S. 1473—Otiake Trig. Z, North Otago, Waitakian (Mid. Oligocene). Paratype: 


G.S. 1281—Wharekuri Greensand, Waitaki Valley, North Otago, Duntroonian (upper Lower Oli- 
gocene). 


Age: Duntroonian to Waitakian (upper Lower to Middle Oligocene). 


Remarks. Typhis maccoyi Tenison-Woods is close but has more acutely angled whorls, 
less convex base and shorter spire with suture higher on whorls, so that usually only one 
spine on each spire varix remains uncovered. 


Typhis (Typhis) hebetatus Hutton 
Plate 46, figs. 10-13; text-fig. 4 (6) 
1877 Typhis hebetatus Hutton, p. 594, pl. 16, fig. 1. 
1915 Typhis maccoyi Tenison-Woods; Suter, p. 28 (not Typhis M‘Coyi Tenison-Woods 1876). 
1924 Typhis maccoyi Tenison-Woods; Marwick, p. 328. 
1926 Typhis maccoyi Tenison-Woods; Finlay, p. 427. 
1944 Typhis (Typhinellus) hebetatus Hutton; Keen, pp. 56, 65. 

Shell broad, biconic, solid, of moderate size, with short spire; whorls sharply angled 
with a carina connecting each tube to succeeding varix; varices narrowly rounded 
raised folds with relatively small spines, six on each body varix, one only visible on each 
spire varix; sutures high on spire whorls; body whorl strongly convex; surface orna- 
mented with faint, irregular spiral ribs in line with the variceal spines, strongest on the 
backs of the varices. 

Dimensions. Holotype: 28-9; 20:6; 14:9. Topotype (small but with protoconch): 20-1; 13-3; 9-6. Hypo- 
type from Bluecliffs (Pl. 46, fig. 10): 25-4; 19-8; 14:3. Hypotype from Ardgowan (PI. 46, fig. 11): 23-3; 
17:5; 13-1. Hypotype from Awamoa (PI. 46, fig. 13): 22-6; 16; 12-3. Extra large specimen from Ard- 
gowan: 31-5; 24-7; 17:8. 

Repositories. Holotype, Otago Museum; Hypotypes, New Zealand Geological Survey. 

Localities. Holotype and two topotypes, Mount Harris, South Canterbury; Ardgowan, Awamoa, 


Target Gully, Devil’s Bridge, all near Oamaru, North Otago; Suter Coll. 159 Bluecliffs, Otaio River, 
South Canterbury; G.S. 162, Pareora River, South Canterbury; Otaian (upper Oligocene). 


Age. Otaian-Awamoan (Upper Oligocene); Holotype: Awamoan (uppermost Oligocene). 
Remarks. Specimens from the Otaian localities, Bluecliffs and Pareora River, though 
somewhat older than the holotype, agree closely in the development of the spines and 
the elevation of the spire. Specimens from the Oamaru localities Ardgowan, Awamoa, 
Target Gully, and Devil’s Bridge have the spire consistently more depressed, with 
sutures reaching almost up to the peripheral angle, and generally smaller spines. The 
Oamaru specimens are about the same age as the type and the differences are probably 
attributable to varying ecological conditions. 


Typhis (Typhis) planus sp. nov. 
Plate 46, fig. 7 


Shell small, elongate, biconic, consisting of typical protoconch and five post-nuclear 
whorls; peripheral angle sharp; varices narrowly rounded with only slight backward 
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inclination, each with six spines, the uppermost long and narrow, curving backwards 
and upwards, the next below prominent, lower ones tiny, diminishing progressively 
downwards; body whorl contracted regularly from immediately below the peripheral 
angle, with flattened intervariceal spaces; tubes set low, just above the peripheral angle, 
inclined obliquely backwards, only very slightly upwards (3°-4° from horizontal) on 
adult whorls, more strongly upwards (30° from horizontal) on early whorls. 


Dimensions. Holotype: 15; 10; 65. Paratype (protoconch missing): 19; 12; 8. 
Repository. Holotype and paratype, New Zealand Geological Survey. 


Localities. Holotype: G.S. 2945, Bed 6a (upper part), Clifden, Southland. Paratype: G.S. 2948, Bed 4, 
Clifden; Lower Altonian. 


Age. Lower Altonian (Lower Miocene). 


Remarks. Distinguished by small elongate form, slight backward inclination of varices, 
nearly horizontal tubes set low on shoulder, sharp peripheral angle and flattened variceal 
interspaces on the base. 


Typhis (Typhis) clifdenensis sp. nov. 
Plate 47, fig. 26 


Shell small, elongate, biconic, with elevated spire; periphery broadly rounded; body 
whorl strongly convex and ventricose; varices narrowly rounded, with six spines, the 
lower five rudimentary, the highest one somewhat larger with only slight curvature, 
directed slightly upwards; tubes slightly closer to succeeding than to preceding varices, 
set high on the shoulder, inclined obliquely backwards and relatively steeply upwards 
(35° to 40° from horizontal on adult whorls, about 45° on the earliest whorl). 


Dimensions. 16 (C. 18); 10:5; 7. 
Repository. New Zealand Geological Survey. 


Age and locality. Holotype (the only specimen), G.S. 2937, ‘Long Beach’, Clifden, Southland, upper 
Altonian (Lower Miocene). 


Remarks. The tubes are more steeply inclined than in any other species of Typhis s.s. 
A related, but probably distinct, form with less steep tubes, from the Awamoan of 
Rifle Butts, Oamaru, is represented by a single specimen in the collection of the Geology 
Department, Victoria University, Wellington. 


EXPLANATION OF PLATE 46 

Figure 7 x 3; all other figures x 2. 

Figs. 1, 3. Typhis (Hirtotyphis) aculeatus sp. nov., 1, Holotype, 3, Paratype G.S. 2155. 

Fig. 2. Typhis (Hirtotyphis) aoteanus sp. nov., holotype. 

Fig. 4. Typhis (Typhis) sp. nov. G.S. 3839, Dovedale. 

Fig. 5. Rugotyphis francescae (Finlay) gen. nov., topotype. 

Fig. 6. Rugotyphis cf. francescae (Finlay) gen. nov. G.S. 2937, ‘Long Beach’, Clifden. 

Fig. 7. Typhis (Typhis) planus sp. nov., holotype. 

Figs. 8, 9. Rugotyphis secundus gen. et sp. nov. 8, Apical view of paratype, V. 79, Clifden (bed 77), 
Southland. 9, Holotype. 

Figs. 10-13. Typhis (Typhis) hebetatus Hutton. 10, Suter Coll. 159, Bluecliffs, S. Canterbury. 
11, Ardgowan, Oamaru. 12, Holotype. 13, Showing incomplete terminal varix, Awamoa, Oamaru. 
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Typhis (Typhis) sp. nov. 
Plate 46, fig. 4 


This species is represented by a single, apparently badly worn specimen. Of moderate 
size, broadly biconic, with short, but acuminate spire; tubes set only slightly above the 
tops of the varices, inclined obliquely backward and slightly above horizontal; varices 
seem rather broad and rounded, convex in front, deeply excavated behind, and have 
borne six or seven spines which are worn quite away; differs from all other species in the 
profile of the body whorl and its varices which descend vertically from the poorly defined 
peripheral angle, then turn very rapidly under to join the anterior canal. 


Dimensions. 24:5; 19; 14. 

Repository. New Zealand Geological Survey. 
Locality. G.S. 3839, Dovedale, North Canterbury. 
Age. Waiauan (upper Middle Miocene). 


Typhis (Typhis) maccoyi Tenison-Woods 
Plate 47, fig. 25; text-fig. 4 (10) 


1876 Typhis M‘Coyi Tenison-Woods, p. 22, pl. 1, fig. 5. 

1888 Typhis M‘Coyi Tenison-Woods; Tate, p. 92. 

1903 Typhis (Typhina) maccoyi Tenison-Woods; Cossmann, p. 58, pl. 2, fig. 16. 
1944 Typhis (Typhinellus) maccoyi Tenison-Woods; Keen, pp. 56, 66. 


The following description is based on eight specimens from Spring Creek, Torquay, 
Victoria. 

Shell of moderate size, moderately elongate, biconic, with elevated spire; peripheral 
carina prominent; base gently convex, contracting sharply from the periphery; usually 
only one spine showing on spire varices, sometimes the second not covered by the 
following whorl; body varices with six moderately large backward-curving spines; 
tubes inclined obliquely backward and only slightly upward. 


Dimensions. Hypotype: 22:0; 14:4; 11-2. 

Localities. Holotype from Table Cape, Tasmania; specimens in New Zealand Geological Survey 
collection from Spring Creek, Torquay, Victoria. 

Age. Janjukian (Oligocene), 


Remarks. The Spring Creek specimens seem stouter than Tenison-Woods’s illustration. 

Several authors have regarded T. hebetatus as a synonym of JT. maccoyi, but T. 
hebetatus is much stouter, with a shorter spire, smaller spines, and a more convex base. 
T. adventus sp. nov., closer to maccoyi, is easily distinguished by its still more elevated 
spire and more convex body whorl. 


Subgenus HIRTOTYPHIS Jousseaume 
Typhis (Hirtotyphis) aculeatus sp. nov. 
Plate 46, figs. 1, 3 


Shell of moderate size, solid, broadly biconic with somewhat depressed spire; 
shoulder broad and sloping, peripheral angle distinct, but not sharp, almost reached 
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by sutures on spire whorls; base strongly convex, varices prominent, rounded folds 
with slight backward inclination, each surmounted by five spines with very slight back- 
ward curvature, diminishing downwards, the second lowest situated at the point of 
maximum concavity between the body and the anterior canal, lowest on the upper part 
of the canal; below it, and slightly behind the crest of the varix, an oblique ridge, which 
in some paratypes is produced to form an obsolete spine offset slightly backwards from 
the higher spines; upper three spines grotesquely large; tubes set low on the shoulder, 
bent obliquely backwards and upwards at 10° from horizontal; three or four faint spiral 
ribs on the base of some specimens, some in line with variceal spines, others not. 


Dimensions. Holotype: 24; not determinable; 11-5. Paratype (Pl. 46, fig. 3): 21; 17; 10. Topotype- 
paratype: 18; 14; 9. 

Repository. Holotype and four paratypes, New Zealand Geological Survey. 

Localities. Holotype and three paratypes, G.S. 2957, North Bank, Waiau River, Clifden, Southland; 


one paratype, G.S. 2155, North Bank, Clifden; Altonian. A doubtful worn specimen, G.S. 2946, 
Bed 6a, Clifden, Lower Altonian. 


Age. Altonian—Clifdenian? (Lower Miocene). Holotype: Altonian? 


Remarks. This species is undoubtedly intermediate between the later Hirtotyphis with 
three spines on each varix (horridus, aoteanus) and the more conservative typical 
Typhis with spines of moderate to small size. T. planus sp. nov. may be related, but has 
much smaller spines and is retained in Typhis s.s. 

Although morphologically close to Typhis s.s., T. aculeatus is more appropriately 
classed as Hirtotyphis. 


Typhis (Hirtotyphis) aoteanus sp. nov. 
Plate 46, fig. 2 


Shell large for the genus, broadly biconic, squat, solid, spire depressed; periphery 
broadly rounded; sutures immediately below uppermost variceal spines on spire whorls; 
base convex, but shape distorted by crushing; varices low, broadly rounded, surmounted 
by three straight, radial spines, the uppermost grotesquely large, the next intermediate 
in size, the lowest, on the base, quite small; tubes set high on the shoulder with narrow 
interspace to the variceal spine on the preceding whorl, inclined obliquely backward and 
upward at 30° from horizontal. 


Dimensions. 27 (31+); 28; 17. 
Repository. Holotype, New Zealand Geological Survey. 


Locality. Holotype G.S. 5349, Hurupi Formation, Pahaoa River, East Wairarapa. A juvenile froma 
nearby locality in the Hurupi Formation. 


Age. Lower Tongaporutuan (base of Upper Miocene). 


Remarks. An illustration by Cossmann (1903, pl. 2, fig. 24) of Hirtotyphis horridus 
(Brocchi), from the Pliocene of Italy, shows a smaller shell with similar low rounded 
varices. Cossmann notes the straightness of the spines. The shell from the Miocene of 
Hungary (Hoernes 1856, pl. 26, fig. 9) has the spines curved slightly backward. 

The remarkable similarity of the European and New Zealand species is attributed to 
close genetic affinity and not to convergent evolution. 
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Subgenus NEOTYPHIS nov. 
Typhis (Neotyphis) tepungai Fleming 


Plate 47, figs. 27, 28; text-fig. 4 (9) 
1943 Typhis tepunga Fleming, p. 205, pl. 30, fig. 21. 


Shell of moderate size, elongate, fusiform, with elevated spire; peripheral angle at 
the middle of spire whorls, becoming ill-defined on the adult whorls; base convex; 
varices broadly rounded, moderate folds, convex in front, a little excavated behind. 

For other details see description of the subgenus, above. 


Dimensions. Holotype (lacking protoconch): 21-5; 13; 10-5. Paratype (G.S. 2499): 21; 11; 9. 
Repository. Holotype and three paratypes, New Zealand Geological Survey. 


Localities. Holotype and paratype with intact protoconch, G.S. 2661, Tahoraite Survey District, 
Southern Hawkes Bay; paratype, G.S. 2499, Tahoraite Survey District; paratype, G.S. 2314, Takapau 
Survey District, Southern Hawkes Bay; Waitotoran (Upper Pliocene). Figured specimen (PI. 47, 
fig. 28), G.S. 1561, Waiau River, 10 chains below Mangaone junction, Wairoa Survey District, Northern 
Hawkes Bay, Opoitian (Lower Pliocene). Cliffs east of Whangaimoana, Palliser Bay, Southern 
Wairarapa, Kapitean or basal Opoitian (uppermost Miocene or basal Pliocene). 


Age. Kapitean to Waitotaran (uppermost Miocene to Upper Pliocene). 


Remarks. The trivial name tepunga is formed from a patronymic, and, at the request of 
Dr. C. A. Fleming, is changed to tepungai to conform with the International Rules. 

The varices of Neotyphis tepungai differ from those of all other New Zealand species. 
Typhis (Typhis) clifdenensis sp. nov., with its elongate form, reduced variceal spines and 
steeply inclined adult tubes is probably close to the ancestor of Neotyphis. 


Genus RUGOTYPHIS nov. 
Rugotyphis francescae (Finlay) 


Plate 46, fig. 5 


1924 Typhis francescae Finlay, p. 465, pl. 49, figs. 6a, 6D. 
1944 Typhis (Typhinellus) francescae Finlay; Keen, pp. 56, 65. 


Shell large for the subfamily, solid, with rhomboidal outline; periphery sharply angled 
below the middle of spire whorls; shoulder broad, sloping, flattened; front of each body 
varix with one rib at the peripheral angle larger than the remainder, between this and 
the base of the aperture six or seven parallel, irregular ribs sloping gently downward 
from the apertural rim; no ribs on the varix below the level of the base of the aperture; 
on the section of varix crossing the shoulder three or four weak parallel ribs sloping 
steeply upwards from the apertural rim; five or six tiny trough-shaped spines on the 
crest of each varix not all in line with the variceal ribs, the uppermost at the peripheral 
angle, a little larger than the remainder; tubes situated just above the peripheral angle, 
inclined very slightly backwards and upwards; surface between varices smooth except 
for growth-lines. 


Dimensions. (After Finlay) height 34 mm.; diameter 23 mm. 
Repository. Holotype, Auckland Institute and Museum. Hypotype, New Zealand Geological Survey. 
Localities. Holotype and hypotype, Bed 6a, Clifden, Southland; a fragment from Bed 4, Clifden; 
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Lower Altonian (Lower Miocene). A small and non-typical specimen (Pl. 46, fig. 6) from G.S. 2937, 
‘Long Beach’, Clifden, Upper Altonian (Lower Miocene). 

Age. Altonian (Lower Miocene). 


Remarks. The hypotype, though broken, is nearly as large as, and agrees well with, the 
type. The fragment from Clifden bed 4 is an anterior canal with a portion of varix 
attached. The upper Altonian specimen illustrated is a less adult shell than the type 
with about five post-nuclear whorls (apex missing); it is considerably smaller than the 
lower Altonian specimens would be at the same stage of development, and differs further 
in having four lamellar spines on the varices below the lowest rib, two being situated on 
the canal. 
Rugotyphis secundus sp. nov. 


Plate 46, figs. 8, 9 


Shell of moderate size, solid, broadly biconic, differing from francescae in having a 
more depressed spire with sutures higher on the whorls, almost reaching the peripheral 
carina, body whorl contracting more sharply from the periphery, tubes quite radial, 
variceal spines extending down to the anterior canal which is shorter, very broad and 
flattened. 


Dimensions. Holotype: 25; 20:5; 15. Paratype: 24; 18; 13. 


Repositories. Holotype, New Zealand Geological Survey. Paratype, Geology Department, Victoria 
University of Wellington. 


Localities. Holotype G.S. 2155, left bank, Waiau River, Clifden, Southland, upper Altonian (Lower 
Miocene). Paratype V. 79, ? bed 7, Clifden, Lilburnian (Middle Miocene). 


Age. Upper Altonian? to Lilburnian? (Lower to Middle Miocene?). 


Genus TYPHINA Jousseaume 
Subgenus TYPHINA 5.5. 
Typhina (Typhina) pauperis (Mestayer) 
Plate 47, fig. 24; text-fig. 4 (7) 
1916 Typhis pauperis M. K. Mestayer, p. 127, pl. 12, figs. 9, 9a. 
1944 Typhis (Typhinellus) pauperis Mestayer; Keen, pp. 56, 66. 


Shell very small, moderately elongate, pagodiform, thin and fragile, three and three- 
quarter post-nuclear whorls with carinate periphery high on spire whorls; base tapering 


from the periphery, lightly convex; no secondary varices; primary varices not extending © 


on to the anterior canal, crenulated by three deep radial folds, each bearing a prominent 
trough-shaped spine curving gently inwards towards the spire and backwards; tubes 
straight, pointing slightly backward and upward; anterior canal narrow, slightly 
flattened, bent gently to right. 

Dimensions. Holotype: 8; 5; 3-2. 

Repository. Holotype (M. 1749) and paratype (M. 779) Dominion Museum, Wellington. 


Localities. Holotype 58-60 fathoms off Poor Knights Island, paratype 25-30 fathoms off Hen and 
Chickens Islands, Hauraki Gulf. One specimen (M. 11067) 113-120 fathoms, off Mayor Island, Bay of 
Plenty (same locality as Siphonochelus solus). 


Age. Recent. 


ee 


| 
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Remarks. Typhina pauperis is distinguished from other species mainly by its small size, 
regularly tapering body whorl, and lack of secondary varices. 


Typhina (Typhina) yatesi (Crosse & Fischer) 
Plate 47, fig. 16; text-fig. 4 (5) 


1865 Typhis yatesi Crosse & Fischer, p. 54, pl. 2, fig. 3. 

1866 Typhis yatesi C. & F.; Sowerby, p. 319, pl. 284, figs. 20, 21. 
1874 Typhis yatesi Angas; Sowerby, pl. 3, fig. 14. 

1880 Typhis yatesi Angas; Sowerby, pl. 284 bis, figs. 22, 23. 

1880 Typhis yatesi C. & F.; Tryon, pl. 30, fig. 294. 

1939 Typhis yatesi C. & F.; Smith, p. 19, pl. 14, fig. 8. 

1944 Typhis (Typhinellus) yatesi C. & F.; Keen, pp. 56, 68. 


Shell of moderate size, rather broad, with moderately elevated spire; peripheral angle 
poorly defined, high on whorls; base strongly convex, subquadrate in profile; no secon- 
dary varices; primary varices stopped above the anterior canals, but represented on each 
anterior canal of the body whorl by a large, flat, triangular, fin-like spine; adult variceal 
spines partly trough-shaped, partly tubular, the sides having curled around far enough 
to meet and become soldered together for about half the length of each spine. 


Dimensions. Hypotype: 16-5; 9:6; 7:6. 
Repository. Hypotype, New Zealand Geological Survey. 


Localities. Holotype, Gulf of Saint Vincent, South Australia; hypotype, South Australia (no other 
details available). 


Age. Recent. 


Remarks. Though smaller than many Typhinae T. yatesi is extraordinarily large for 
Typhina. It is distinguished by its size, convex body, partly tubular variceal spines, and 
fin-like development of the varices on the anterior canal. 


Typhina (Typhina) bivaricata (Verco) 
Plate 47, fig. 20; text-figs. 4 (1), 4 (2) 


1909 Typhis bivaricata Verco, p. 272, pl. 21, figs. 1-2. 
1944 Typhis (Typhina) bivaricatus Verco; Keen, pp. 55, 63. 


Shell very small, biconic, compact, with moderately elevated spire; peripheral angle 
high on whorls; base moderately convex ; secondary varices nearly as large as the primary 
varices, extending from top to bottom of the outer edge of the aperture; primary varices 
decreasing downwards, not reaching the anterior canals. 


Dimensions. Hypotype height 4-8, maximum diameter 3:0 mm. 

Repository. Hypotype (cotype), New Zealand Geological Survey. 

Locality. 104 fathoms, 35 miles south-west of Neptune Islands, South Australia. 
Age. Recent. 


Remarks. T. bivaricata is distinguished from all other species by the extraordinary 
development of its secondary varices. 
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Genus SIPHONOCHELUS Jousseaume 
Siphonochelus solus sp. nov. 


Plate 47, fig. 21 


Shell small, elongate, fusiform, solid, apex worn, final two growth steps mostly 
broken off, four and a half whorls intact; peripheral angle high, shoulder narrow and 
deeply channelled behind tubes and varices; spire whorls contracting slightly below 
periphery; base gently convex, contracting gradually to the anterior canal; varices 
rounded oblique folds raised above the shoulder and curved back to join the preceding 
tubes; in front of each varix a deep sulcus about one-third of a growth stage in width, 
containing apertural scars slightly in front of the middle; sulcus followed by a broad 
rounded fold initiating the next growth step, decreasing downwards and dying before 
reaching the anterior canal; tubes all worn down to stumps, directed steeply upwards 
and obliquely backwards, flattened, broadened in the spiral direction extending from 
the initial fold to somewhat behind the varix to which it is united; below the tube, 
between the initial fold and the varix, a broad shallow concavity about two-thirds the 
width of the total growth step; surface of shell smooth except for growth-lines ; aperture 
not seen. 


Dimensions. Height 8 mm.; maximum diameter 4 mm. 

Repository. Holotype (the only specimen) (M. 11067), Dominion Museum, Wellington. 
Locality. 113-130 fathoms off Mayor Island, Bay of Plenty. 

Age. Recent. 


Remarks. Siphonochelus solus seems close to the South African species S$. arcuatus } 


judged by the figures of Tryon (1880, pl. 30, fig. 293) and Keen (1944, p. 54, fig. 11). 
S. solus is distinguished by its broad, flattened intervariceal tubes. 

The holotype of S. solus and a specimen of Typhina pauperis were dredged from the 
a locality. Both are chalky, broken shells, and these species may not be living 
there now. 


EXPLANATION OF PLATE 47 


Figs. 14, 15, 19. Typhina (Typhinellus) sowerbyi (Broderip), photographs of illustrations of Reeve 
(1842, pl. 240, figs. 7-9), magnification not known. 

Fig. 16. Typhina (Typhina) yatesi (Crosse and Fischer), Recent, South Australia, x 3. 

Figs. 17, 18. Typhina (Typhina) belcheri (Broderip), photographs of illustrations of Reeve (1842, 
pl. 240, figs, 5, 6), magnification not known. 


Fig. 20. Typhina (Typhina) bivaricata (Verco) co-type, 104 fathoms, off Neptune Islands, South 
Australia, x7. 


Fig. 21. Siphonochelus solus sp. nov., holotype, x 4. 
Fig. 22. Lyrotyphis syringianus (Hedley), Port Esperance, Tasmania, x 6. 
Fig. 23. Typhis (Typhis) adventus sp. nov., holotype, x 3. 
Fig. 24. Typhina (Typhina) pauperis (Mestayer), holotype, x 7. 
Fig. 25. Typhis (Typhis) maccoyi Tenison-Woods, Spring Creek, Victoria, x 3. 
ne oa IE; ee Sd clifdenensis sp. nov. holotype, x 3. 
igs. 27, 28. Typhis (Neotyphis) tepungai Fleming su ; Ke : 
Se oe eae ae es g subgen. nov.; 27, holotype x3; 28, G.S. 1561 
Fig. 29. Typhis (Typhis) pungens (Solander), Barton, England, x 3. 
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Genus LYROTYPHIS Jousseaume 
Lyrotyphis syringianus (Hedley) 


Plate 47, fig. 22; text-figs. 4 (3), 4 (4) 


1903 Typhis syringianus Hedley, p. 381, text-fig. 94. 
1944 Siphonochelus (Siphonochelus) syringianus (Hedley); Keen, pp. 58, 67. 


Shell tiny, broadly biconic, solid; whorls rounded, without perceptible peripheral 
angle; base moderately convex; tubes ovate, slightly elongated in the spiral direction, 
inclined steeply upward, very slightly backwards; varices curved back at the top to join 
the tubes; broad rounded intervariceal folds just behind tubes; apertural scars in the 
sulcus behind the intervariceal folds; surface smooth except for growth-lines; for other 
details see generic description. 


Dimensions. Hypotype: height 4-4 mm., maximum diameter 2:5 mm. 
Repository. Hypotype, New Zealand Geological Survey. 


Localities. Holotype, 41-50 fathoms, Cape Three Points, New South Wales, Australia; hypotype, 
Port Esperance, Tasmania. 


Age. Recent. 
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REEF-CONTROLLED DISTRIBUTION OF DEVONIAN 
MICROPLANKTON IN ALBERTA 


by FRANK L. STAPLIN 


Apstract. Upper Devonian hystrichospherids of the off-reef Duvernay facies in Alberta, Canada, can be 
combined into three artificial groups that have different distribution patterns with regard to reefs. Simple 
spherical forms are widespread, from beds inter-fingering with reef carbonate into off-reef areas. Thin-spined 
species are also widespread, but are seldom found within one mile of reefs. Thick-spined and polyhedral forms 
occur in off-reef strata, but seldom near reefs. All types increase in abundance with increasing distance from reefs. 
Plant spore distribution is useful in determining major current patterns. Forty species of hystrichospherids are 
described. New genera proposed are Duvernaysphaera, Multiplicisphaeridium, and Paleopedicystus. Micrhystri- 
dium and Leiosphaeridium are emended. New morphological structures of Chitinozoa are described and 
Hoegisphaera is proposed as a name for a new type of Paleozoic microfossil possibly allied to the Chitinozoa. 


Tue Duvernay member is interpreted as the off-reef calcareous shale equivalent of the 
Leduc reef-bearing carbonates of the Woodbend formation in central Alberta. Acid-resis- 
tant microfossils, including hystrichospherids, plant spores, Chitinozoa, and scolecodonts, 
are present in Duvernay sediments. These fossils were studied in order to determine if 
reef trends had influenced their distribution in the near-reef equivalents. Approximately 
sixty wells penetrating the Duvernay shale were used in the study. For the most part, 
the samples were decontaminated rotary cuttings from the microlithologically recog- 
nizable upper part of the member. 

The author is grateful to L. R. Wilson of the Oklahoma Geological Survey, W. S. 
Hoffmeister and M. W. Leighton of the Jersey Production Research Company, and 
R. E. Malloy of the International Petroleum Company for their valued aid and criticism. 


GENERAL GEOLOGY 


During Upper Devonian time, much of western Canada and the United States was 
covered by epicontinental seas, with the exception of an interrupted volcanic belt 
located approximately along the present Pacific coastline (text-fig. 1). The sea at one 
time extended as far east as central New York, although in Middle and Lower Upper 
Devonian times the seas in western North America did not communicate with those to 
the east. On islands in the shallow seas and on the adjacent land masses grew a variety 
of spore-bearing plants. Reefs of biohermal form, composed of remains of algae, 
stromatoporoids, bryozoans, corals, and numerous other organisms, in addition to 
fragmental and chemically deposited carbonate, were formed in Alberta. These are now 
reservoirs for much of Canada’s proven oil. 


Woodbend formation. This group (text-fig. 2) includes a lower fragmental limestone, the 
Cooking Lake member; a middle portion grading laterally from the Leduc reef facies 
to the Duvernay dark calcareous shale; and an upper dolomite and calcareous shale, 
the Ireton member. These units can generally be recognized on electric logs, although 
their contacts are transitional. The generalized descriptions given below do not hold 
outside of the general Edmonton area of Alberta. Because of the essential unity and 
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transitional nature of these sediments, they are here considered as members, following 
the original interpretation of the Imperial Oil staff (1950). 


I Cooking Lake member. The base of this member is placed at the change from the 
argillaceous limestones of the Beaverhill Lake formation to the fragmental limestones 


\ 


LQ 


A , Ys 
“Yd 


Wa UPPER DEVONIAN LAND MASSES VV REEF OUTCROP 


[-"] SUBSIDING SEA FLOOR SR VOLCANOES 
=] STATIC (EPICONTINENTAL) SEA —— PRESENT GEOGRAPHIC OUTLINE 


| TEXT-FIG. 1. Upper Devonian paleogeograph of North America. Revised from H. and G. Termier 


1952, with new limits. 
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bedded with the shales of the Duvernay member in off-reef areas. In part, the unit is 
biostromal. In some areas the formation is continuous with the Leduc member, especially 
along the Morinville-—Rimbey trend, the Bashaw trend, and in the Killam area (text- 


| fig. 8). West of the Rimbey trend the Cooking Lake is often represented by a shale equi- 


valent. 


2. Duvernay member. The basal contact of the Duvernay with the Cooking Lake member 
is picked somewhat arbitrarily. The upper part of Cooking Lake contains black shale 
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TEXT-FIG. 2. Divisions of the Upper Devonian Woodbend formation, central Alberta. 
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TEXT-FIG. 3. Typical electric logs of the Duvernay member, Woodbend formation, Alberta. 
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stringers that are similar to the dark-brown to black calcareous shales and shaly lime- 
stone of the basal Duvernay. In reef areas the Duvernay is quite thin, but it may be 
more than 300 feet thick in off-reef areas. The upper part of the Duvernay has a charac- 
teristic curve on electric logs (text-fig. 3). Essentially, it consists of hard, dark brownish- 
black (SYR 2/1), impure interbedded limestone and shale having angular fracture 
and high organic content. Large volumes of sediment of equivalent age outside the 
immediate Edmonton area are grey to grey-green shales. 


3. Leduc member. This member includes all biohermal and biostromal bodies of the 
carbonate complex of the Woodbend formation. Most Leduc reefs are dolomitized, 
but Golden Spike, Redwater, and others are limestone or are only partly dolomitized. 
The majority of the reefs of the Morinville-Rimbey trend seem to be equivalent, at least 
in part, to the off-reef’ Duvernay member. 


4. Ireton member. The lower part of the Ireton, above the Duvernay, is generally a 
greenish calcareous shale but locally may be dark coloured and rich in organic matter. 
The upper part is argillaceous dolomite. Its thickness ranges from about 10 feet, above 
some of the Leduc biostromes, to 700 or more feet in off-reef areas, where it overlies the 
Duvernay member. In general, its residues are characterized by less organic material 
than are those from the Duvernay member. 


TYPES OF MICROFOSSILS 


Hystrichospherids, plant spores, scolecodonts, and Chitinozoa are the types of acid- 
resistant fossils on which the interpretations given in this report are based. Descriptions 
of the species of hystrichospherids, one new chitinozoan (?), and morphological notes on 
Angochitina are appended. 


Hystrichospherids. A heterogeneous group of fossil and Recent microscopic organisms 
is included in the hystrichospherids. Some, particularly from Mesozoic and Tertiary 
sediments, are known to be stages in the life cycles of dinoflagellates and other algae. 
Others perhaps are encysted stages of Bryozoa and extinct flagellates and eggs of Crus- 
tacea, but many, particularly Paleozoic forms, cannot be assigned to any extant group. 
Some resemble chrysophytes. 

These organisms vary from simple spherical bodies to complex forms having spines, 

enveloping lacy networks, membranes, and other ornamentation. Their size range is 
from 5 to over 120 microns. They are largely insoluble in most acids and can stand 
fairly long treatments with hydroxides. They occur in most marine clays and shales, in 
cherts and fine-grained limestones, and occasionally in evaporites. Hystrichospherids 
have been found mostly in saline waters or in sediments containing marine organisms. 
Some species are good for age determinations. 
Plant spores. Because they represent land plants, plots of relative plant spore abundance 
will indicate land masses and islands that became stabilized above water-level. Upper 
Devonian plant spores are quite diversified and are valuable in correlations. Many of 
the types described from the U.S.S.R. by Naumova (1953) are present in sediments of 
western Canada. 


Chitinozoa. These are extinct acid-resistant, tube- to flask-shaped organisms, which are 
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frequently ornamented with spines. The normal size of Devonian species is at least 150 
microns, and they can be picked from samples in the same way as ostracodes and 
foraminifera. Some workers attribute Chitinozoa to various phyla, but on little real 
evidence. They most closely resemble cysts of chrysomonads, especially Ochromonas, but 
the resemblance is probably superficial. Their known stratigraphic range is Ordovician 
to Lower Pennsylvanian, but their greatest abundance is in the Devonian. Chitinozoa 
are useful for determining both age and environment and therefore should be sought 
with other microfossils. 


Other organisms. Scolecodonts (jaws of marine worms), mostly belonging to the genus 
Arabellites, are occasionally present, especially in the same samples with Chitinozoa. 


INTERPRETATION 


Hystrichospherid species and growth-forms. Approximately fifty species are recognized 
in the Duvernay member. With rare exceptions the species of hystrichospherids are the 
same as those of the Ireton and Cooking Lake members, although they occur in different 
proportions. Most of the species recognized in the Upper Devonian sediments of the 
Edmonton area can be combined artificially into three main types, or growth-forms 
(text-fig. 4), which have different patterns of distribution with regard to reefs. These 
three forms are the basis for the interpretations presented in this report. 


1. Simple, spherical forms. The surface is smooth, papillate, or ciliate. 

2. Thin-spined forms. The spherical central body bears long, thin spines that do not 
seem to be an integral part of the central body. 

3. Polyhedral, thick-spined and saccate forms. The processes are very broad at their . 


bases, are often hollow and seem to be extensions of the central body of the 
organism. 


Hystrichospherid distribution. Hystrichospherids are generally much more abundant in 
off-reef than in near-reef strata (text-fig. 4). This could be a result of several factors: 


1. Their optimum environment is the quiet, deeper water of the off-reef areas. 

2. Wave action in shallow water near the reefs may have destroyed or winnowed out 
their remains. 

3. Diagenetic processes might have destroyed the microfossils in the coarser, near- 
reef sediments. 

4. Scavengers might have destroyed the organisms. 


The environment factor is considered the most important because only one growth- 
form of hystrichospherid is most prevalent near the reefs, and the others are added with 
distance from the reefs. It is unlikely that there was selective destruction by wave action, 
scavengers, or diagenesis. Also, other acid-insoluble microfossils (Chitinozoa, plant 
spores) are not affected in this way. There are, moreover, areas of sediment moderately 
high in fragmental carbonate in which all types are present. 

Considerable variations in the number of hystrichospherids occur at each sampled 
interval in cored wells. Text-figs. 5 and 6 show the total abundance of hystrichospherids 
in part of the Ireton—Duvernay section for the Anglo-Canadian Beaverhill Lake No. 2 
well and for the A. H. C. and E. Camrose No. 1 well. In the former, the numbers 
increase, within less than 10 feet of vertical distance, from fifty individuals per two slides 
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to 917 individuals per two slides (this represents, very approximately, 1 gramme of 
sample). The abundance of selected hystrichospherid species for the same two wells also 
varies greatly (text-fig. 7). The vertical sequence is similar for both wells, and for others 
counted in this manner, but long-cored intervals are not available from enough wells to 
check the feasibility of correlating Woodbend sediments by this method. 
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TEXT-FIG. 4. Diagrammatic representation of distribution of hystrichospherid growth forms, Upper 
Devonian, central Alberta. 


Considering distribution by growth-form, simple spherical forms are widespread in the 
Duvernay strata of the Edmonton area (text-fig. 8). They occur all the way from shales 
interbedded with reef carbonate (Redwater Saltwater disposal well, T57, R21, W4th M.) 
to off-reef areas. Their abundance, however, increases away from the reefs, as do the 
numbers of species. Thin-spined forms are also widespread but are seldom found within 
one mile of reefs. Thick-spined and polyhedral forms occur in off-reef strata. They were 
found close to reefs, perhaps where currents carried them, in only two cases (north of 
Redwater and north of Willingdon—see Discussion of Current Patterns). The samples 
did not cover a sufficient number of wells to obtain adequate information on species 
distribution. If a more detailed study is made, records of individual species distribution 
may show that some of them are much more sensitive to environment than are the three 
growth-form groups. 
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TEXT-FIG. 5. Hystrichospherids on two slides, Anglo-Canadian Beaverhill Lake No. 2. Total curve and 
selected species. 
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TEXT-FIG. 6. Hystrichospherids on two slides, A. H. C. and E. Camrose No. 1. Total curve and 
selected species. 
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Distribution of plant spores. Abundant plant spores (20 per cent. or more of the total 
acid-resistant microfossils) are found in the Duvernay member around Redwater reef 
(text-fig. 8). The percentages increase to the north. Plant spores are moderately abundant 
north of Township 53 and east of the main reef trend and rare to the south and west of 
this area. The source of the spores is therefore to the north of the Edmonton area. 


PROTOLEW. MICRHYSTRIDIUM PROTOLEIO. PROTOLEIO. PROTOLEIO PROTOLEIO. 


MICROGRARMIFER SPINOGLOBOSUM GRANULOSUM MAJOR MINUTUM ORBICULATUM 


PERCENT OF TOTAL POPULATION 


TEXT-FIG. 7. Variations in relative abundance of six selected hystrichospherid species, Anglo-Canadian 
Beaverhill Lake No. 2. 


Water currents were probably most responsible for transporting the spores. Supporting 
evidence for a northern source is offered by many wells. In part of the Peace River area, 
the pre-Cambrian surface was emergent during Woodbend time. 


Distribution of Chitinozoa. Work done by L. R. Wilson (1955) on the Lower Paleozoic 
Chitinozoa of the New York area indicates that this group of fossils is most abundant in 
shallower marine waters, especially near the margins of the basins. For this reason, it is 
thought that the Chitinozoa of the Duvernay member might indicate proximity to 
shallower ‘platform’ areas, on which reefs are more likely to form. The greatest 
abundance of Chitinozoa in the Duvernay shale is in the area just to the north and 
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north-east of Redwater reef, to the north and west of Golden Spike reef, and in some 
wells between the Pigeon Lake and Bashaw reefs (text-fig. 8). 


Current configurations. The relative abundance of the plant spores was plotted at each 
data point. The general pattern for the entire area showed a decrease in abundance to 
the south and east, but the southward decrease is much less pronounced east of the | 
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REEF TREND PATTERNS OF THE EDMONTON AREA 
Based On Hystrichospherid Growth Form Distribution 


EXPLANATION 
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TEXT-FIG. 8. Reefs, reef trend patterns, plant spore distribution, and interpreted current directions, ~ 
Duvernay time. Names of wells and intervals used are given in the list at the end of the paper. 


Morinville-Rimbey trend. These gradients in abundance suggest that the major currents 
were from the north-west and west on the west side of the reef chain, and from the 
north and north-east on the east side of the reef chain. Andrichuk (1960) came to similar 
conclusions on the basis of grain size and lithologic studies. 

The presence of abundant and varied hystrichospherid assemblages north of Red- 
water and Willingdon reefs is explained if these current directions are correct, as the 
small organisms would be carried by the currents and concentrated on the north side of 
any high on the sea floor. 

Further support for the current pattern may be arrived at in another manner. 
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Runcorn’s work on paleomagnetic directions (1956) placed the earth’s north pole during 
Devonian time at approximately 150 degrees east longitude and 35 degrees north lati- 
tude. The world distribution of Devonian reefs does not conflict with this interpretation, 
as they are confined to a broad equatorial belt with relation to this pole. Edmonton, 
Alberta, would have been at about 20 degrees north latitude. The major oceanic currents 
against a west-facing land mass at this latitude would have been from the west and 
north-west. Drag induced on the currents by reef trends, shelves, and land masses would 
bend them southward, as is the case with currents striking the present west-coast 
configuration. Currents in shallow-water regions of variable bottom topography are 
necessarily complex, therefore only major current directions can be suggested. 


Reef trends from drilling. The over-all reef trend pattern found by drilling consists of 
biostromal developments to the north and east of the Edmonton area (Darling and 
Killam reefs, respectively) and a series of north-south trending barrier-type reefs and 
subsidiary platform reefs (text-fig. 8). In general, reef development progressed eastward 
in the Edmonton area during Woodbend time. Reefs east of the Morinville-Rimbey 
trend grew on Cooking Lake fragmentals; those of the Morinville-Rimbey trend itself 
have reefal Cooking Lake at their bases; while those to the west started growing 
during Beaverhill Lake time. The major reef development followed a transgressing sea. 


Correlation with hystrichospherid distribution. The reef-trend patterns obtained on the 
basis of growth-form distribution are shown in text-fig. 8. In most cases, lines drawn 
about areas where simple and thin-spined growth-forms are present enclose reef trends 
defined by drilling. In nearly all cases the thick-spined growth-form is found only in 
off-reef areas. 

There are exceptions to this pattern. For example, in the Millet Leduc well (number 
24 on text-fig. 8), the off-reef thick-spined hystrichospherids are absent, although 
drilling has largely eliminated reef possibilities. In other cases, the data were limited by 
the small number of wells used in the study. Largely for this reason, the Flint-Duhamel 
reefs and the development at Willingdon are not outlined in text-fig. 8. There are five 
locations far from known reefs that have only simple and thin-spined growth-forms. 
These areas (text-fig. 8) are north of Golden Spike (T52, R26, W4th M.), east of Acheson 
and the northern part of Leduc (T52, R25—26, W4th M.), south of Redwater (T55, R23, 
W4th M.), the Millet Leduc area (T48, R24, W4th M., Millet Leduc No. 16-6) and 
around T57, R17, W4th M. (Canadian Superior Kozak No. 16-3). This distribution 
could indicate shallow water or, in other words, platforms on which reef growth was 
possible. Chitinozoa and scolecodonts, suggesting shallow water, are common in the 
first three areas. Two areas that have all three hystrichospherid growth-forms (off-reef 
assemblages) were found close to reefs. One is just north of Willingdon (144, R15, 
W4th M.) at Imperial Willingdon No. 2, and the other is just north of Redwater Reef 
(T58, R22-23, W4th M.) at Imperial Opal No. 35 and Imperial Egremont West No. 
16-36. If currents were from the north in this area, as suggested in the discussion of 
current patterns, the small hystrichospherids could easily have been carried to these 
positions on the reef flanks. 


Summary. Data presented here show that acid-resistant microfossils can be used to 
outline broad reef trends and other major sedimentary structures. Because of the large 
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amount of well control that is required in order to give the pattern any sort of precision, 
it is doubtful whether the method has immediate practical application to petroleum ex- 
ploration. 

Chitinozoa are generally abundant in areas of relatively coarser sediment. Concentra- 
tions of these fossils may help to indicate areas of shallow water where conditions were 
favourable to reef development. The relative increase in plant spore abundances to the 
north points toward land masses contemporaneous with the deposition of the Duvernay 
formation. On the basis of plant spore distribution, major currents to the west of the 
Leduc-Rimbey reef trend were from the north-west and west, while those to the east of 
this trend were generally from the north, as a result of southward drag induced by reef 
configurations and land masses. 


SYSTEMATIC SECTION 


Classification of hystrichospherids. Most Paleozoic hystrichospherids would fall into the 
following form categories: 


1. Spherical sacs, laevigate to papillate. 

la. Spherical sacs, minor ornamentation, apical pore present. 

2. Spherical sacs, apiculate, ciliate, spinose, baculate or pilose, the processes 
numerous and small in relation to body (vesicle) diameter. 

3. Spherical sacs with long simple spines. 

4. Spherical sacs with long processes, the tips expanded, branched, dissected or 
otherwise modified. 

5. Roughly spherical sacs with short coarse broad-based apiculae or other struc- 
tures. 

6. Roughly spherical sacs with processes of more than one kind, sometimes with 
one very large process that lends a bilateral symmetry to the form. Internal 
structure is apparent on some. 

7. Roughly spherical sacs with long processes that are hollow and expanded at the 
tips to resemble trumpets (almost entirely post-Paleozoic). 

8. Lanceolate to fusiform bodies with various types of processes. 

9. Reticulate spherical bodies, sometimes with short spinose or pilate processes. 
10. Lenticular forms, rectangular to circular, with a thin flange or girdle. Rod-like 
structures often strengthen the connexion of the flange to the vesicle. 

11. Geometrical to saccate forms—triangular and lenticular to tetrahedral and — 
polyhedral, often with long processes at the angles. The processes are broad- 
based and are an integral part of the vesicle. Some have internal structures. 

12. Subspherical to polyhedral forms enveloped in a membrane, the membrane 


commonly gathered into folds and attached to the vesicle by processes of 
various kinds. 


13. Fusiform bodies. 


The species described here belong to groups 1-4 and 9-12. Group 4 is represented 
only by few species, although it is a characteristic group in the Devonian of eastern 
North America. Many typical or index species from the eastern Devonian section are 
lacking in the Alberta assemblages. The reason for this probably lies in the fact that the 
seaways of the two areas were separate during the Middle Devonian and were not 
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connected until some time in the Upper Devonian, perhaps too late to allow the more 
diverse eastern assemblages to migrate into the area of Duvernay-Ireton sedimentation. 


Stratigraphic value of hystrichospherids. Published work on hystrichospherids is limited, 
making it difficult to compare assemblages of different stratigraphic and geographic 
locations. However, a few generalizations may be drawn on the basis of the scant litera- 
ture, and control collections from various strata. 

Ordovician hystrichospherids are mostly small, the vesicle diameter ranging from 5 to 
20 microns for the most part. The most common growth-forms are groups 1 and 2. 
Groups 3, 4, and 13 are occasional, and forms similar to Hystrichosphaeridium trispinosum 
Eisenack represent group 11. 

Silurian hystrichospherids are much more varied, and many are larger in size. Group 4 
is very important, containing a number of species of relatively short stratigraphic range. 
A number of complex forms have processes of more than one type, and some possess 
bilateral, rather than radial, symmetry. Some possess internal structures. Devonian 
forms are similar to those of the Silurian, but many species are different. The polyhedral 
or geometrically shaped group, with processes broad-based and an integral part of the 
vesicle, is relatively more important, and species with the spines arranged in one plane 
or with stubby complex spines are also more prevalent. Deunff (1954, 1957), Radforth 
and McGregor (1954), White (1862), and theses prepared at the University of Mas- 
sachusetts under L. R. Wilson, illustrate a few of the Siluro-Devonian hystrichospherids 
of eastern Canada and New York. 

Upper Paleozoic forms are poorly known. Groups 5 to 6 and 8 are important but 
most of the others are present also. During the Permian, small forms of group 2 seem 
to,be predominant, at least in the area from the north-western States to Alaska. Small 
triangular to tetrahedral rectangular forms of group 11 are common. Many of the same 
polyhedral forms are present in the Triassic sediments of western Canada, some with 
the single flagellum of certain chrysophyte swarmers in possibly fresh to brackish water 
deposits (J. Jansonius, study in progress). In the Permian rocks we also find the first 
hystrichospherids of known dinophycean affinities. 


Nomenclatural considerations. The majority of Paleozoic hystrichospheres and leiospheres 
have been apportioned to the genera Leiosphaeridia Eisenack 1958, Tasmanites Newton 
1875, Micrhystridium Deflandre 1937, Baltisphaeridium Eisenack 1958, Veryhachium 
Deunff 1954, Cymatiosphaera O. Wetzel 1933, Dictyotidium Eisenack 1955, and Leiofusa 
Eisenack 1938. Our knowledge of these forms is still small, and it is fortunate that so 
few genera have been proposed. A number of changes are now necessary. Timofeev 
(1959) has proposed several genera based on the type of ornamentation for leiospheres 
without pylom or canals. Protoleiosphaeridium (type species cited as P. conglutinatum in 
his 1960 paper) includes laevigate to shagreen (finely granulose) species and is here 
slightly expanded to include papillate and minutely spinulose forms. Many of these 
small leiospheres were formerly assigned to Leiosphaera Eisenack 1938. In 1951 Eisenack 
accepted the fact that the type species, L. solida, was similar to and possibly conspecific 
with Sporangites huronensis Dawson, following Krausel’s work of 1941. Eisenack later 
(1958a) completed the transfer of L. solida to Tasmanites huronensis (Dawson). Leio- 
sphaeridia was proposed by Eisenack (1958a) for thin-walled forms formerly included in 
Leiosphaera. However, the generic description clearly states that a pylom is present 
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(page 3). The inclusion of the many small aporate spheres without pylom within the 
pylom-bearing genus Leiosphaeridia is unsatisfactory from stratigraphic and taxonomic 
standpoints, and the acceptance of Protoleiosphaeridium is recommended. 

Micrhystridium Deflandre 1937 was defined with a maximum size of 20 microns. A 
number of species have size limits that extend above and below this arbitrary limit, and 
many species averaging over 20 microns have no other characteristic to distinguish 
them from smaller species. Most of these larger forms were originally assigned to 
Hystrichosphaeridium Deflandre 1937. Eisenack (1958b) proposed some important 
changes. Hystrichosphaeridium was restricted to forms with open-tipped spines similar 
to the type species, H. tubiferum (Ehrenberg) Deflandre, from the Mesozoic. Balti- 
sphaeridium (ex Hystrichosphaeridium) was proposed for species with closed-tip spines. 
No revision was made of Micrhystridium. As of that date, Micrhystridium stood for 
species under 20 microns in size, with closed-tip spines of various kinds, and Bailti- 
sphaeridium included larger forms of similar type. 

The type of Micrhystridium, M. inconspicuum (Deflandre) Deflandre 1937, has simple 
spines, all of one kind. The original illustration of the type of Baltisphaeridium, B. 
longispinosum (Eisenack 1931) shows a form with simple spines. In later papers, Eisenack 
(1938, 1951) placed in the species a number of specimens with forked spines, broad 
processes with constricted bases, and other types. He characterized illustrations of simple 
forms, however, as ‘. . . recht typische Stiicke mit sehr langer und fast fadenformigen 
Anhangen’. The true type of Baltisphaeridium is therefore morphologically similar to 
that of Micrhystridium, and overlap of the simply spined species is inevitable. Micrhystri- 
dium is here emended to include only simply spined forms, the spines closed at the tips 
and generally uniform in structure. The size limit of 20 microns is removed. The type 
species of Baltisphaeridium is considered as a species of Micrhystridium emend., and 
the genus abandoned. Multiplicisphaeridium new genus is proposed for species that 
possess forked or otherwise modified processes with closed tips, the processes generally 
uniform within a single species. No size limits are imposed. Formal reassignment of 
previously described species to these new or emended genera are not made here in order 
to avoid the problems of synonomy that would arise if these proposals are not generally 
accepted. 

Veryhachium Deunff 1954 was proposed for more or less polyhedral (triangular to 
prismatic) forms with broad-based processes. The type species V. trisulcum (Deunff) 
was not described until 1959, although it had been illustrated (1951, 1954). A holotype 
and paratypes are listed with the description, and the genus is now considered to 
be properly validated. The concept of Dictyotidium is broadened slightly to include 
additional reticulate species, but the basic diagnosis is not changed. Cymatiosphaera is 
suitable for most Paleozoic species with enveloping membranes that are gathered into 
various reticulate patterns and stiffened by spine-like radial processes. 

Other new hystrichosphere genera proposed are Duvernaysphaera and Paleopedicystus. 
A new type of acid-resistant microfossil is described under the name Hoegisphaera n. 
gen., new chitinozoan structures are illustrated, and a species of Tasmanites is described. 

Many species of hystrichospherids are broadly defined and interpreted at this time 
and much variation is allowed. The author believes that with further work many of these 
species will be separated into two or more distinct entities, with little overlap. The Upper 
Devonian hystrichospherids of western Canada are relatively constant in form, the 
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variation being confined to slight differences in the number of spines or in the ratio of 
spine length to vesicle diameter. 

Type specimens are available for study in the permanent collections of Imperial 
Oil Limited, 300 Ninth Avenue W., Calgary, Canada. 


HYSTRICHOSPHERE GROUP 
Genus PROTOLEIOSPHAERIDIUM Timofeev 1959 
Type species. P. conglutinatum Timofeev 1959. 


Revised diagnosis. Vesicle ellipsoidal to spherical; wall thin, aporate; canals absent; 
pylom absent; ornamentation absent or minor, including granules, papillae and small 
short spinules. 


Remarks. The description given by Timofeev is expanded to include other types of 
minor overall ornamentation besides laevigate and shagreen. The change is not suffi- 
ciently important to warrant citation as a formal emendation. P. cambriense should be 
excluded from the genus, as it possesses characteristics not covered in the generic descrip- 
tion. P. nervatum perhaps belongs to Dictyotidium. 


Protoleiosphaeridium minutum sp. nov. 
Plate 48, fig. 3 


Holotype. Imperial Willingdon No. 2, Duvernay member, 2,975-3,050’ composited decontaminated 
cuttings. Slide 1, 47-5 109-2; 18 microns. 


Diagnosis. Vesicle circular, laevigate, thin-walled; frequently folded; diameter 12-20 
microns. 


Remarks. Smooth sacs of similar appearance are present in many marine Paleozoic 
rocks. 
Protoleiosphaeridium orbiculatum sp. nov. 


Plate 48, fig. 12 


Holotype. Imperial Willingdon No. 2, Duvernay member, 2,975-3,050’ composited decontaminated 
cuttings. Slide 1, 38-2 124-5; 40 microns. 


Diagnosis. Vesicle circular, smooth, frequently folded, relatively thick-walled for the 
genus; diameter 24-48 microns. 


Remarks. Abundant to frequent in the Woodbend and Beaverhill Lake formations. 
Wall thicker than Leiosphaeridia wenlockia Downie 1959. 


Protoleiosphaeridium microgranifer sp. Nov. 
Plate 48, fig. 4 


Holotype. Imperial Willingdon No. 2, 11-20-55-15W4th M., 2,975-3,050’ composited decontaminated 
Duvernay cuttings. Slide 1, 39-8 121-5; 31 microns. 


Diagnosis. Vesicle circular, microgranulose, commonly folded; diameter 35-45 microns. 


Remarks. A. granulosa has distinct granules slightly more than 0-5 microns in diameter, 
whereas the granules in this species are near the limit of resolution of the microscope. 
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Protoleiosphaeridium major sp. Nov. 
Plate 48, fig. 6 


Holotype. Imperial et al. Faust South 6-2, 6-2-72-11W5th. M., Beaverhill Lake fm., 6,750—5’ core. Slide 2, 
31-5 120-2; 60 microns. 


Diagnosis. Vesicle circular; laevigate; relatively thick-walled, folding occasional; size — 
55-85 microns. 
Protoleiosphaeridium diaphanium sp. nov. 
Plate 48, fig. 8 


Holotype. Imperial Spruce Grove No. 1, 4-25-52-27W4th M., picked Duvernay cuttings, 6,065-120’. 
Slide 1, 34:7 110-9; 48 microns. 


Diagnosis. Vesicle circular; surface minutely granulose, separation of granules 1-2 
microns; wall very thin, folding common; diameter 40-50 microns. 


Remarks. Granules are finer and the wall much thinner than in P. granulosum n. sp. The 
compound folding of the vesicle wall is a characteristic feature of the species. 


Protoleiosphaeridium granulosum sp. nov. 
Plate 48, fig. 1 


Holotype. A. C. Beaverhill Lake No. 2, 11-11-50-17W4th M., Duvernay member, 4,030’ core. Slide 1, 
31-9 120-2; 28 microns. 


Diagnosis. Vesicle circular; densely and evenly granulose, granules rounded, one micron 
or less separation; minor folding common; diameter 16-28 microns. 


Protoleiosphaeridium papillatum sp. nov. 
Plate 48, figs. 10-11 


Holotype. Imperial Labyrinth Lake 15-14, 15-14-48-23W4th M., Ireton member, 5,238’ core. Slide 1, 


42-7 111; 36 microns (fig. 10). Illustrated: same well, Ireton member, 5,142’ core, Slide A, 42:7 122°8; 
35 microns. 


EXPLANATION OF PLATE 48 


Figs. 1-12. Protoleiosphaeridium spp. 1, P. granulosum sp. nov., holotype, 28 microns. 2, 5, P. 
microsaetosum sp. nov. 2, 27 microns. 5, Holotype, 33 microns. 3, P. minutum sp. nov., holotype, ” 
18 microns. 4, P. microgranifer sp. nov., holotype, 31 microns. 6, P. major sp. nov., holotype, 60 
microns. 7, P. cryptogranulosum sp. nov., holotype, 20 microns. 8, P. diaphanium sp. nov., holotype, 
48 microns. 9, P. parvigranulosum sp. nov., holotype, 14:5 microns. 10, 11, P. papillatum sp. nov. 
10, Holotype, 36 microns. 11, 35 microns. 12, P. orbiculatum sp. nov., holotype, 40 microns. 

Figs. 13-21. Micrhystridium spp. 13, M. vigintispinum sp. nov., holotype, vesicle 24 microns. 14, M. 
echinosum Sp. nov., holotype, vesicle 21 microns. 15, M. bistchoensis sp. nov., holotype venice 
about 17 microns. 16, M . breviciliatum sp. nov., holotype, vesicle 34 microns. 17, M. spinoglobosim 
sp. Noy., holotype, vesicle 24 microns. 18, M. octospinosum sp. nov., holotype, vesicle 33 microns. 
19, M. albertensis sp. nov., holotype, vesicle 18 microns. 20, M. angustum sp. nov., holotype, vesicle 

AS microns. 21, M. crassiechinatum sp. noy., holotype, vesicle 30 microns. 
Figs. 22-24. Multiplicisphaeridium spp. 22, M.2 sprucegrovensis sp. nov., vesicle 42 microns. 23, M. 


truncatum Sp. NOV. holotype vesicle 38 microns 24 M. ramispi. i 
: ) ) . ; . . Vv. ype vesicle 
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Diagnosis. Vesicle circular; densely papillate, papillae short, variable in size, shape and 
spacing, height 0-8-1-3 microns; diameter 24~38 microns. 


Remarks. Baltisphaeridium microspinosum (Eisenack) in Downie, 1959, is larger and 
seemingly more densely papillate. 


Protoleiosphaeridium microsaetosum sp. nov. 
Plate 48, figs. 2, 5 
Holotype. Cal. Std. Winterburn Prov. No. 1, 10-4-53-25W4th M., 5,535’ core, Duvernay member. 
Slide 1, 40-9 113-5; 33 microns (fig. 5). Illustrated: same sample, Slide 1, 44:3 110-5; 27 microns. 


Diagnosis. Vesicle circular; saetose, spines crowded, tubular, 2-4 microns long, tips 
rounded, separation about 2 microns; diameter 25-44 microns, often appears ragged. 


Remarks. Longer spines than P. papiliatum. 


Protoleiosphaeridium cryptogranulosum sp. nov. 
Plate 48, fig. 7 


Holotype. Imperial Willingdon No. 2, 11-20-55-15W4th M., Duvernay member, picked composited 
cuttings, 2,975—3,050’. Slide 1, 43-3 109; 20 microns. 


Diagnosis. Vesicle spherical-ellipsoidal; microgranulose, granules variable in size and 
spacing, separation 1-3 microns; size 17—20 microns. 


Protoleiosphaeridium parvigranulosum sp. nov. 
Plate 48, fig. 9 


Holotype. Imperial Willingdon No. 2, 11-20-55-15W4th M., Duvernay member, picked composited 
cuttings, 2,975—3,050’. Slide 1, 46-3 112-4; 14-5 microns. 


Diagnosis. Vesicle circular in outline; densely covered with minute granules that in part 
tend toward a tubular shape, one micron long at most, separation not over 1-5 microns; 
13-16 micron size range. 


Genus LEIOSPHAERIDIUM Timofeev 1959 emend. 


Type species. L. eisenackii Timofeev 1959. 


Emended diagnosis. Vesicle circular in outline; large (100-300 microns and larger); 
laevigate; wall thin to moderate in thickness, aporate, without canals; folding minor to 
prominent, commonly taper-point in thin-walled spherical species. 


Remarks. Timofeev (1959) cited the genus as Leiosphaeridium Eisenack 1938 emend. 
Timofeev. The alteration of Leiosphaera to Leiosphaeridium is not valid. The name is 
here regarded as a new generic taxon. The original description by Timofeev (1959), 
‘vesicle thick with smooth surface’, is correct only in comparison with Protoleiosphaeri- 
dium, as the wall is thin in comparison with Tasmanites of huronensis type. Timofeev 
proposed the names Trachysphaeridium and Lophosphaeridium for finely granulose 
(shagreen) and tuberculose species. 
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Leiosphaeridium fastigatirugosum sp. Nov. 
Plate 50, fig. 9 
Holotype. Imperial Labyrinth Lake 15-14, 15-14-48-23W4th M., Ireton member, 5,354’ core. Slide 1, 
38-8 123-2; 125 microns. 


Diagnosis. Body spherical; laevigate; wall structureless, relatively thin; compression — 
accompanied by the formation of taper-point folds; size 120-150 microns and perhaps 
larger. 


Remarks. Much larger similar specimens may or may not belong to this species. No 
‘pylom’ could be demonstrated. Species described by Timofeev that have taper-point 
folds are all shagreen. 


Genus MICRHYSTRIDIUM (Deflandre) emend. 
1937 Micrhystridium Deflandre, pp. 79-80. 
Genotype. Micrhystridium inconspicuum (Defl.) Defl. 1937. 
Description. Vesicle subspherical to spherical; spinose, spines simple, generally uniform, 


numerous, their bases sometimes arranged in a subpolygonal pattern, tapering to 
tubular, tips closed. 


Remarks. The upper size restriction is removed. Forms with forked or otherwise dif- 
ferentiated appendages are placed in Multiplicisphaeridium n. gen. Forms with distinct 
ridges defining polygonal areas are placed in Dictyotidium. Small polyhedral to asterate - 
forms, the appendages an integral part of the vesicle, are considered species of Very- 
hachium Deunff. 


Micrhystridium breviciliatum sp. nov. 


Plate 48, fig. 16 


Holotype. Imperial Labyrinth Lake 15-14, 15-14-48-23W4th M., Duvernay member, 5,625’ core. 
Slide 8, 32:9 120-2; vesicle 34 microns. 


Diagnosis. Vesicle circular in outline; densely ciliate, length of cilia about 3-4—4 microns, 
separation about 4 microns, tubular in shape with rounded tips, often curved; vesicle 


32-37 microns. 
Micrhystridium echinosum sp. nov. 
Plate 48, fig. 14 
Holotype. Calmont Std. Winterburn Province No. 1, 10-4-53-25W4th M.., Ireton member, 5,375’ core. 
Slide 1, 40-8 120-3; vesicle 21 microns. 


Diagnosis. Vesicle subcircular; echinate, spines approximately 4 microns long, less than 


1 micron in diameter, about 2-4 microns apart, spine tips rounded or faintly enlarged 
(compressional ?); vesicle 17-22 microns. 


Remarks. The vesicle is smaller and the spines closer together than in M. breviciliatum 
n.sp. 
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Micrhystridium angustum sp. nov. 
Plate 48, fig. 20 


Holotype. Texaco (Shaw) Spruce Grove No. 1, 4-11-53-27W4th M., picked composited Duvernay cut- 
tings, 5,915-90’. Slide 3, 40 109-6; vesicle 15 microns. 


Diagnosis. Vesicle circular; processes ciliate, 3-5 microns long, tips pointed, 15-17 in 
number, evenly disposed; vesicle size 14-16 microns. 


Remarks. Micrhystridium bacilliferum Deflandre 1946 is smaller and has a larger number 
of spines. Hystrichosphaeridium cf. brevispinosum nanum Defi. 1945 is twice the diameter 
of this species and has more spines. 


Micrhystridium spinoglobosum sp. nov. 
Plate 48, fig. 17 


Holotype. Imperial Duvernay No 1, 6-30-55-11W4th M., 2,245-8’ core, Duvernay member. Slide 1, 
48 111; vesicle 24 microns. 


Diagnosis. Vesicle spherical; spinose, spines 12-18 in number, 6-9 microns long and 2 
microns wide at base, spike-shaped and sharply pointed; vesicle size 17-24 microns. 


Remarks. M. inconspicuum (Deflandre) Deflandre 1937 is much smaller and has a thicker 
wall. M. parinconspicuum Deflandre 1945 (Silurian) has a diameter of 10-15 microns and 
possibly a larger number of spines. Frequent. 


Micrhystridium bistchoensis sp. nov. 
Plate 48, fig. 15 


Holotype. Imperial Bistcho Lake 7-7, 7-7-124-2W6th M., Beaverhill Lake (?) equivalent, 4,906’ core. 
Slide 3, 30 111-3; 24 microns overall, vesicle about 17 microns, spine length about 6 microns. 


Diagnosis. Vesicle subspherical; laevigate; spines broad-based but taper rapidly to 
tubular processes with pointed tips, about twenty in number, length approximately one- 
third vesicle diameter; overall size 20-26 microns. 


Micrhystridium vigintispinum sp. nov. 
Plate 48, fig. 13 


Holotype. Imperial Labyrinth Lake 15-14, 15-14-48-23W4th M., Duvernay member, 5,546’ core. 
Slide 1, 41-6 114; vesicle 24 microns, spines 12 microns, overall size 40 microns. 


Diagnosis. Vesicle subspherical-ellipsoidal; laevigate; spines narrow, tapered to fine 
ciliate tips, basal diameter about 1-5 microns, length about half vesicle diameter, about 
20 in number; overall size about 40 microns. 


Micrhystridium albertensis sp. nov. 
Plate 48, fig. 19 
Holotype. Imperial Bistcho Lake 7-7, 7-7-124-2W6th M., Beaverhill Lake (?) equivalent, 4,906—11’ 
core. Slide 1, 40 112; vesicle 18 microns, spines 10-11 microns. 
Diagnosis. Vesicle subspherical; laevigate; spinose, spines simple, tapering, 13-14 in 
number, length half to five-eighths vesicle diameter; vesicle diameter 16-19 microns. 
B 9125 pd 
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Micrhystridium octospinosum sp. Nov. 
Plate 48, fig. 18 


Holotype. Imperial Egremont West No. 6-36, 6-36-58-23 W4th. M., composited Duvernay core, 3,948- 
4,008’. Slide 1, 48 116; vesicle 33 microns, spines about 24 microns. 


Diagnosis. Vesicle roughly spherical; appendages eight in number, broad-based, tentacle- 
like, tips pointed, length 20-28 microns, width at base about 4-5 microns; folding 
common; vesicle diameter 24-33 microns. 


Remarks. Number of spines constant. The polyhedral shape characteristic of 
Veryhachium is absent. Hystrichosphaeridium spiciferum Deunff 1955 has up to fifteen 
appendages that are longer than those of this species. 


Micrhystridium duvernayensis sp. Nov. 
Plate 49, fig. 8 


Holotype. A, C. Beaverhill Lake No. 2, 11-11-50-17W4th M., Duvernay member, 3,988’ core. Slide 1, 
45-3 110; vesicle 40 microns. 


Diagnosis. Vesicle circular; spines ciliate, about twenty in number, 10-12 microns long, 
tips pointed; vesicle wall thin; vesicle diameter 35—40 microns. 


Remarks. The wide separation of the spines characterizes this species. 


Micrhystridium crassiechinatum sp. nov. 
Plate 48, fig. 21 


Holotype. Bear Rodeo No. 1, 8-20-89-9W4th M., 471-81’ core, Beaverhill Lake fm. Slide 8, 37:4 
117; vesicle 30 microns. 


Diagnosis. Vesicle subcircular in outline; sub-spherical; spines long, straight, tapering 


to a sharp point, about twenty-two in number, length 10-15 microns; vesicle diameter 
24-33 microns. 


Remarks. The stiff, straight habit of the spines characterizes this species. 


Genus MULTIPLICISPHAERIDIUM gen. Nov. 
Text-fig. 9e 


Type species. Multiplicisphaeridium ramispinosum sp. nov. 


Diagnosis. Vesicle ellipsoidal to spherical; processes separate, narrow-based, tips multi- 
furcate, expanded, dissected or otherwise modified but not open; processes all of one 
type or variations of one type, not differentiated into distinctive orders or kinds of pro- 
cesses; wall surface exclusive of processes laevigate to finely granulose. 


Remarks. All species with simple unmodified spine tips are referred to Micrhystridium 
emend. All species with broad-based processes that are an integral part of the vesicle 
shape are referred to Veryhachium Deunff. A new genus should be proposed for species 
with more than one order of processes, i.e. the different types of processes are distinct 
and have a constant spatial relationship to each other. 
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Multiplicisphaeridium truncatum sp. nov. 
Plate 48, fig. 23; text-fig. 9f 


Holotype. Imperial Paddle River No. 1, 5-17-56-8W5th M., Duvernay—Cooking Lake equivalent, 
7,930-2’ core. Slide A, 38-7 124-6; vesicle 38 microns. 


Diagnosis. Vesicle circular to egg-shaped; processes crowded, ciliate, approximately 
8 microns long, seemingly set on low pedestals (compressional feature), spine tips pilose 
to bifurcate on the same specimen, spine separation about 3 microns; vesicle size 28-38 
microns. , 


Remarks. H. hirsutoides Eisenack 1951 is larger (75-80 microns) and seems to have 
shorter processes. 


Multiplicisphaeridium? sprucegrovensis sp. Nov. 
Plate 48, fig. 22, Plate 49, fig. 6; text-fig. 97 


Holotype. Imperial Labyrinth Lake 15-14, 15-14-48-23W4th M., Duvernay member, 5,635’ core. Slide 
3, 39-3 112°8; vesicle diameter 36 microns, processes 16 microns (Pl. 49, fig. 6). Illustrated: Imperial 
Paddle River No. 1, 5-7-56-8W5Sth M., Duvernay—Cooking Lake equivalent, 7,823-8’ core. Slide 1, 
41-4 113-3; vesicle 42 microns maximum, spines about 13 microns. 


Diagnosis. Vesicle circular; processes crowded, 10-16 microns long, 2 microns wide at 
base but tapering to about 1 micron near tips, tips enlarged and tetrafurcate, secondary 
tips 2-4 microns long; appendage separation 3-4 microns; vesicle diameter 35-44 
microns. 


Remarks. About twenty-five to thirty processes extend beyond the vesicle margin. 
The closed nature of the tips could not be definitely determined, even with oil immer- 
sion, and the assignment is therefore provisional. 


Multiplicisphaeridium ramispinosum sp. nov. 
Plate 48, fig. 24; text-fig. 9g—-h 
Holotype. Imperial Bistcho Lake No. 7-7, 7-7-124-2W6th M., Woodbend fm., 4,159-64’ core. Slide 5, 
41-5 117-6; vesicle 29 microns. 


Diagnosis. Vesicle subcircular; processes generally bifurcate, each branch again bifur- 
cate or trifurcate, tips multiple; processes usually twelve in number, 10-15 microns long; 
vesicle size 19-29 microns. 


Remarks. Processes variable. A much larger similar species has been described from 
Baltic Silurian sediments (240 microns; Eisenack 1938, pl. 4, figs. 3-5). Hystrichosphaeri- 
dium ramusculosum Defl. 1945 has some simple pointed processes and may be a species 
with two distinct orders of processes. 


Multiplicisphaeridium spicatum sp. nov. 
Plate 49, fig. 21; text-fig. 97 


Holotype. Imperial Willingdon No. 2, 11-20-55-15W4th M., picked composited Duvernay cuttings, 
2,975-3,050’. Slide 1, 34:7 112-6; vesicle 65 microns. 
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Diagnosis. Vesicle circular in outline; processes densely crowded, 6-9 microns long, 
1_2 microns wide, cylindrical, mostly bifurcate; size 63-72 microns. 


Remarks. H. ex aff. multipilosum Eisenack 1938 (pl. 3, fig. 9) from the Silurian has finer 
processes. 


Genus VERYHACHIUM Deunff 1954 


Type species. Veryhachium trisulcum (Deunff) Deunff 1959. 


Description. Shape extended polyhedral; appendages an integral part of the vesicle, 
hollow, tips closed, usually long but short in some species. 


Remarks. The type species was not described until 1959, although illustrated and given 
a new combination with the generic proposal in 1954. 


Veryhachium brevitrispinum sp. Nov. 
Plate 49, fig. 1 


Holotype. A. C. Beaverhill Lake No. 2, 11-11-50-17W4th M., Duvernay member, 3,988’ core. Slide 1, 
38-1 118-2; size (centre of one side to tip of opposing spine) 29 microns. 


Diagnosis. Outline convexly trigonal; appendages at each corner, broad-based, tapered 
rapidly to a point, sometimes curved, short for the genus; vesicle wall minutely granulose 
(oil); size measured from centre of one side to tip of opposing appendage, 24-32 
microns. 


Remarks. Granulose surface and short spine length distinguish this species from ~ 
Hystrichosphaeridium trispinosum Eisenack 1938. No internal structures are present. 
V. trisulcum var. reductum Deunff 1959 is laevigate. 


EXPLANATION OF PLATE 49 


Figs. 1-5, Veryhachium spp. 1, V. brevitrispinum sp. nov., holotype, 30 microns overall. 2, 5, V. sp. cf. 
H. trispinosum Eisenack. 2, 30 microns, one side to opposing spine tip. 5, 36 microns, one side to 
eee spine tip. 3-4, V. octoaster sp. nov., 3, Holotype, 54 microns overall. 4, 38 x 40 microns 
overall. 

Fig. 6, Multiplicisphaeridium? sprucegrovensis sp. nov., holotype, vesicle 36 microns. 

Fig. 7, Veryhachium duodeciaster sp. noy., holotype, 45 microns overall. 

Fig. 8, Micrhystridium duvernayensis sp. nov., holotype, vesicle 40 microns. 

Fig. 9, Veryhachium minor sp. nov., holotype, 24 microns overall. 

Figs. 10, 11, Duvernaysphaera tenuicingulata sp. nov. 10, Holotype, vesicle 32 microns. 11, Vesicle 31 
microns. 

Fig. 12, Veryhachium sedecimspinosum sp. nov., holotype, 21 microns overall. 

Figs. 13, 14, Dictyotidium spp. 13, D. polosymmetrium sp. nov., holotype, 21 microns. 14, D. poly- 
gonium sp. nov., holotype, 29 microns (lower magnification than fig. 13). 

Figs. 15-18, Cymatiosphaera spp. 15, C. tetraster sp. noy., holotype, vesicle 20 microns (oil). 16-17, 
C. perimembrana sp. nov. 16, Holotype, vesicle 28 microns. 17, Vesicle 24 microns. 18, C. pentaster 
sp. nov., holotype, 29 microns overall, vesicle 18 microns. 

Fig. 19, Veryhachium polyaster sp. nov., var. hexaster var. nov., type, 72 microns overall. 

Fig. 20, Verhachium polyaster sp. nov., holotype, 60 microns overall. 

Fig. 21, Multiplicisphaeridium spicatum sp. nov., holotype, vesicle 65 microns. 
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Veryhachium sp. cf. H. trispinosum Eisenack 
Plate 49, figs. 2, 5 
1938 Hystrichosphaeridium trispinosum Eisenack, 14, 16, text-figs. 2-3, 


Description. Variable, sides of vesicle almost straight, size from centre of one side to tip 
of opposing appendage, 24-38 microns, No internal rods or structures. Laevigate. 


Remarks. Species of this general shape range from Ordovician to Recent, but some have 
characteristics that enable them to be used in age determinations. A minute structure 
interpreted as a single flagellar sheath is present on some Triassic forms, providing a 
resemblance to the swarmer of Phaeodermatium (filamentous chrysophyte). The genus 
very likely includes representatives of several groups. 


Figured specimen. Imp. Paddle River No. 1, 5-17-56-8W5th M., 7,519’ core, Lower Ireton member. 
Slide 6, 38-5 127-3; centre of one side to tip of opposing spine 36 microns (fig. 5). Imperial Bistcho Lake 
7-7, 7-7-124-2W6 M., 4,906-11’ core, Beaverhill Lake? equivalent. Slide 1, 33-4 125-7; 30 microns, 
centre of one side to tip of opposing spine. 


Veryhachium polyaster sp. nov. 
Plate 49, fig. 20 


Holotype. Imp. Bistcho Lake 7-7, 7-7-124-2Wé6th M., Beaverhill Lake? fm., 4,906-11’ core. Slide 1, 
18-7 120-8; overall size about 60 microns, vesicle central area approx. 18 microns. 


Diagnosis. Vesicle polyhedral, composed of central area and five long tapering 
appendages; appendages an integral part of the whole, broad-based, not arising in 
the same plane; laevigate; overall size 60-70 microns. 


Veryhachium polyaster sp. nov., var. hexaster var. nov. 
Plate 49, fig. 19 


Holotype. Imp. Bistcho Lake 7-7, 7-7-124-2W6th M., Beaverhill Lake? fm., 4,906-11’ core. Slide 1, 
25-9 124-1; overall size 72 microns. 


Diagnosis. Vesicle polyhedral, composed of central area and six long tapering 
appendages, the appendages are broad-based and are an integral part of the whole, 
not arising in the same plane; laevigate; overall size 60-75 microns. 


Remarks. Forms with five and six appendages occur together and seem to represent the 
same species. The appendages are tapered and pointed, unlike Veryhachium hebetatum 
Deunff 1957. 


Veryhachium octoaster sp. nov. 
Plate 49, figs. 3-4 


Holotype. Imperial Leduc No. 253, 11-13-50-27W4th M., Ireton member, 5,515’ core. Slide 2, 41:2 
114-3; overall size 54 microns (fig. 3). Illustrated—Imperial Labyrinth Lake 15-14, 15-14-48-23W4th 
M., 5,118’ core, Lower Ireton member. Slide A, 36:3 117; 38 x 40 microns overall dimensions. 


Diagnosis. Vesicle irregularly polyhedral, star-shaped in outline, with eight broad- 
based appendages that are an integral part of the whole, appendages not arising in the 
same plane, tips bluntly pointed, dark thin lines radiating from the central part of the 
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vesicle to the tips of the projections sometimes visible; laevigate to faintly roughened; 
overall size 35-55 microns. 


Remarks. V. balticum (Eisenack 1951) has an overall size of 80-85 microns, and some 
specimens have bifurcate appendage tips. H. oligospinosum (Eisenack 1934) is much 
larger. Xanthidium sp. White 1862 (p. 386, figs. 7-8) from the Silurian Lockport fm. 
closely resembles V. octoaster n. sp. V. exasperatum Deunff 1955 is much larger, the 
spine tips are broader, and the thin fibres are missing. Occasional specimens with six 
or seven processes have been found. 


Veryhachium minor sp. nov. 


Plate 49, fig. 9 


Holotype. Imperial Bistcho Lake 7-7, 7-7-124-2W6th M., Beaverhill Lake? equivalent, 4,906—11’ core. 
Slide 1, 20-4 121-9; 24 microns overall. 


Diagnosis. Vesicle polyhedral, generally compressed to a subquadrate outline; five 
appendages, integral parts of the body, rapidly tapered to sharp points, one often not 
visible due to folding; laevigate; size 20-28 microns. 


Remarks. This small species has fewer appendages than Veryhachium polyaster n. sp. 
V. minutum Downie 1958 has four or six appendages and is smaller. 


Veryhachium duodeciaster sp. nov. 
Plate 49, fig. 7 


Holotype. Imperial Labyrinth Lake 15-14, 15-14-48-23W4th M., Duvernay—Cooking Lake equivalent, — 
5,605’ core. Slide A, 36:6 112-3; 45 microns, central portion roughly 18 microns. 


Diagnosis. Vesicle subspherical-polyhedral; laevigate; appendages broad-based, an 
integral part of the vesicle, tapering to fine tentacle-like spines, twelve in number; 
overall size about 45 microns. 


Remarks. Spines are more broadly based than on the specimens referred to Micrhystri- 
dium stellatum Deflandre by Downie 1959. 


Veryhachium sedecimspinosum sp. nov. 
Plate 49, fig. 12 


Holotype. Imperial Willingdon No. 2, 11-20-55-15W4th M., 2,975-3,050’, picked composited Duvernay ~ 
cuttings. Slide 1, 39-6 113-8; 21 microns overall, spines about 6 microns. 


Diagnosis. Vesicle polyhedral-subspherical ; processes broad-based, an integral part of 
the vesicle, fifteen—sixteen in number; laevigate; size 19-25 microns. 


Remarks. This species is almost transitional between Veryhachium and Micrhystridium. 


Genus DUVERNAYSPHAERA gen. nov. 
Text-fig. 9d 


Type species. Duvernaysphaera tenuicingulata sp. nov. 


Diagnosis. Vesicle circular in outline, surrounded by an appressed diaphanous membrane 
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that extends beyond the vesicle margin as a flange, the flange supported by simple rods 
or spokes arising from the vesicle that are present only in the equatorial plane, much 
like the fin of a fish. 


Remarks. The outer layer is difficult to demonstrate except at the equatorial margins, and 


Ate IT 


Ie 


TEXT-FIG. 9. a, Dictyotidium, composite of variations included in the author’s concept. 6, Paleo- 

pedicystus gen. nov. c, Cymatiosphaera, typical form. d, Duvernaysphaera gen. nov. e, Multiplici- 

sphaeridium, composite of variations included in the author’s concept. f, M. truncatum sp. nov., 

process detail. g-h, M. ramispinosum sp. nov., process detail. 7, M. spicatum sp. nov., process detail. 
j, M.? sprucegrovensis sp. nov., process detail. 


has been lost from most specimens, leaving the broken spine bases as a common 
characteristic. The shape seems to be lenticular. Membranilarnax has branched 
appendages. Prerosperma (Pterospermopsis) lacks the spokes, although short stiffening 
processes, radial thickenings or fluting are developed in some species. The membrane is 
also larger and heavier in Prerosperma. 


Duvernaysphaera tenuicingulata sp. nov. 
Plate 49, figs. 10, 11 
Holotype. Imperial Labyrinth Lake 15-14, 15-14-48-23W4th M., 5,625’ core, Duvernay member. Slide 
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8, 42:9 120-6; vesicle 32 microns, membrane width 6 microns, rods about 6 microns apart (fig. 10). 
Illustrated: Imperial Bistcho Lake 7-7, 7-7-124-2W6th M., 4,720’ core, Woodbend Group, Slide 5a, 
41-2 112-3; vesicle 31 microns. 


Diagnosis. Vesicle circular in outline; lenticular; surrounded by a diaphanous flange, 
both laevigate. Flange stiffened by a number of rods radiating from the vesicle margin, 
8-12 microns long, and about 6-9 microns apart. Flange sometimes continued over © 
vesicle surface as a membrane. Compression commonly off-centre. Size 26-33 microns. 


Remarks. The membrane is often lost, leaving stubs of the rods to mark its places of 
attachment. 


Genus CYMATIOSPHAERA O. Wetzel 
Text-fig. 9c 


Type species. Cymatiosphaera radiata O. Wetzel 1933. 


Description. Spherical, ellipsoidal, or lenticular; often with radial ribs; provided with 
a membrane that is gathered into polygonal areas on the vesicle surface and that may 
extend considerably beyond the vesicle margin. 


Cymatiosphaera pentaster sp. Nov. 
Plate 49, fig. 18 


Holotype. Imperial Bistcho Lake 7-7, 7-7-124-2W6th M., Beaverhill Lake? equivalent, 4,906-11’ core. 
Slide 1, 28-2 114-9; vesicle 18 microns, 29 microns overall. 


Diagnosis. Vesicle circular in outline; surface divided into five equal wedge-shaped 
areas by ridges originating at the poles and projecting as equatorial projections about 
5 microns beyond vesicle equatorial margin, ridges often broadened and somewhat 
divided beyond the margin; spinose projections and ridges connected by a very thin 
appressed diaphanous membrane surrounding the vesicle, outer margin of each mem- 
brane segment almost straight; always compressed in the equatorial plane, suggesting 
a lenticular shape; size 28-33 microns overall, vesicle 18-20 microns. 


Cymatiosphaera tetraster sp. nov. 
Plate 49, fig. 15 


Holotype. Imy rial Labyrinth Lake 15-14, 15-14-48-23W4th M., Duvernay member, 5,625’ core. Slide 
A, 33-1 113-2; vesicle 20 microns. 


Diagnosis. Vesicle circular; shape lenticular; polar areas of both hemispheres bear a 
diamond-shaped lacuna bounded by a low narrow ridge; from each angle of the lacuna 
low narrow ridges extend across the vesicle, dividing each hemisphere into four equal 
segments; ridges extend as spines about 3-4 microns beyond vesicle equator; spinose 
projections and ridges connected by a thin diaphanous membrane, giving the whole 
a sub-quadrate shape in polar view; vesicle size 28-34 microns. 


Remarks. Polar diamond-shaped lacunae, slightly thicker vesicle wall, and four instead 
of five rays distinguish this species from C. pentaster sp. nov. 
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Cymatiosphaera perimembrana sp. nov. 
Plate 49, figs. 16, 17 


Holotype. Imperial Willingdon No. 2, 11-20-55-15W4th M., 2,975-3,050’; picked composited Duvernay 
cuttings. Slide 1, 36-3 113-2; vesicle 28 microns (fig. 16). Illustrated: same sample, Slide 1, 53-1 114-2; 
vesicle 24 microns. 


Diagnosis. Vesicle spherical to ellipsoidal; laevigate; surrounded by a tightly fitting 
diaphanous membrane that is gathered into a fine reticulum; lacunae polygonal, 4-8 
microns across, muri very fine; membrane stiffened by fine rods that arise from the muri, 
3-5 microns long; membrane extends 2-5-5 microns beyond vesicle margin; size range 
22-36 microns. 


Remarks. The membrane is frequently lost in large part, but remnants of the reticulum 
remain on the vesicle, and remnants of the muri may be left as spines on the margin. 
The structure is generally visible only under oil. 


Genus DICTYOTIDIUM Eisenack 1955 emend. 
Text-fig. 9a 
Type species. Dictyotidium dictyotum (Eisenack) Eisenack 1955. 
Description. Vesicle spherical; surface reticulate, ridges low, distinct, lacunar areas 
polygonal; some species with two distinctly smaller lacunae, one at each pole; small 


apiculae or spines may arise from the ridges; papillae may be present in the floors of 
lacunae. 


Remarks. The genus is enlarged to include forms with differentiated polar polygons and 
with short spines or apiculae on the ridges. 


Dictyotidium polygonium sp. nov. 
Plate 49, fig. 14 
Holotype. Calmont Std. Winterburn Prov. No. 1, 10-4-53-25W4th M., Duvernay member, 5,515’ core. 
Slide 2, 47-2 119-3; 29 microns. 


Diagnosis. Vesicle circular ; surface divided into polygonal areas about 4 microns across 
with a small raised granule in the centre of each polygon; ridges narrow, rounded, 
slightly raised above vesicle surface; diameter 27-31 microns. 


Dictyotidium polosymmetrium sp. nov. 
Plate 49, fig. 13 


Holotype. Imperial Bistcho Lake 7-7, 7-7-124-2W6th M., Beaverhill Lake? equivalent, 4,906-11’ core. 
Slide 1, 32 113-3; 21 microns. 


Diagnosis. Vesicle spherical; laevigate to faintly roughened (oil); surface divided into 
large polygonal areas by low narrow ridges; polygons up to 10-12 microns wide; 
a smaller polygon at each pole with a pore or papilla in its centre, polygon width about 
6 microns; size 20-24 microns. 
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Genus PALEOPEDICYSTUS gen. nov. 
Text-fig. 9b 


Type species. Paleopedicystus rodeoensis sp. NOV. 


Diagnosis. Body subspherical, provided with a cylindrical stalk; body thick-walled, 
spinose, sometimes provided with an enclosing membrane. 


Remarks. The superficial resemblance to cysts of some Ochromonadaceae (Uroglena) is 
striking, although no definitely identified members of this group are known from younger 
Palaeozoic or Mesozoic rocks. The complex structure of the body of Paleopedicystus 
(membrane, complex ornamentation) would seem to exclude hystrichospherids of the 
type of Veryhachium clava Deunff 1959, at least until more species are described and 
our understanding of the variations of these forms is more complete. 


Paleopedicystus rodeoensis sp. Nov. 
Plate 50, figs. 1-3 


Holotype. Bear Rodeo No. 1, 8-20-89-9W4th M., Beaverhill Lake fm., 731-41’ core. Slide 1, 30-6 
122: overall length 48 microns, body diameter 33 microns, stalk length 21 microns, stalk width at 
mid-point 8 microns. 


Diagnosis. Subspherical body with a cylindrical stalk; body thick-walled with five or 
more large cone-shaped processes in addition to densely packed irregular verrucose to 
pilose projections that are most prominent on the hemisphere opposite to the stalk; 
stalk finely striate at its connexion with the body and twice as broad as the stalk proper, 
remainder laevigate, pedal extremity constricted without distal opening; much of body 
covered with a diaphanous indefinite membrane that extends as much as 5 microns 
beyond the body wall; colour amber-yellow to amber-brown; body wall thickness about 
4 microns. 


CHITINOZOA 


Most specimens of Lagenochitina and Angochitina, when cleared by chemical means, 
show a dark interior ‘collar’ in the neck of the body, convex at its base (PI. 51, fig. 7). 
This ‘collar’ is the remnant of a plug-like cap, shaped much like a bottle stopper, that 
fits the neck of the body. The plug is spinose in Angochitina, the spines generally 
simpler than those of the body. Specimens of Angochitina cf. devonica with the plug in 
place are shown on Plate 51. The plug does not seem as resistant as the body of the 
chitinozoan. Cysts of certain recent Chrysophyceae (Ochromonadaceae) possess an 
analogous structure. In Ochromonas, the original cyst membrane is of cellulose. The 


EXPLANATION OF PLATE 50 
Figs. 1-3, Paleopedicystus rodeoensis sp. nov., holotype, high, medium, and low focus respectively. 
Body diameter 33 microns; stalk length 21 microns. 
Fig. 4, Chomotriletes? bistchoensis sp. nov., holotype, 49 microns. 


Figs. 5-7, Hoegisphaera glabra sp. nov. 5, Holotype, 90 x 141 microns, operculum 57 microns. 6, 123 
microns. 7, Operculum 70 microns. 
Fig. 8, Tasmanites sp. A, 81 microns. 


Fig. 9, Leiosphaeridium fastigatirugosum sp. nov., holotype, 125 microns. 
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outer siliceous coat is formed later by impregnation and is sculptured through the 
agency of external cytoplasm. The plug as a rule contains little or no silica. In germina- 
tion the plug is dissolved and the contents of the cyst escape through the pore in the 
form of motile cells. Pascher (1924) noted that the cyst may be internal or external. If 
the periplast of the parent is coarse, it remains as an external envelope around the cyst. If 
the periplast is soft, it is absorbed into the cyst. 


Angochitina cf. devonica Eisenack 
Plate 51, figs. 1-7 


1955 A. devonica Eisenack, p. 313, pl. 1, figs. 10-12. 
1958 Collinson and Scott, pp. 13-15, pl. 1, 3, text-fig. 4. 


Figured. Home Grizzly Mt. 10-16, 10-16-69-7WS5th M., Beaverhill Lake fm., 7,020-5’ core. Slide 1, 
36°8 114-5; 110 163 microns (fig. 7). Plug, Slide 2, 39-8 110-3, 43 microns, central part 33 microns 
(fig. 3). Plugged specimen, Slide 2, 39 115-6, plug 42 45 microns (fig. 5). Plugged fragment, Slide 2, 
32°8 121-8, plug --51 microns excluding processes (fig. 4). Wall detail, Slide 3, 43-6 120-6, +13-21 
microns between spine bases (fig. 6). Imperial Labyrinth Lake 15-14, 15-14-48-23W4th M., 5,403’ core, 
Lower Ireton, Slide 5, 34 117, body 93 x 126 microns, plug width 39 microns (figs. 1-2). 


Remarks. The length varies from 150 to 210 microns. Spines of the plug and neck are 
simple, complex at the body mid-point, and simple at the base. The spine branching is 
dichotomous, with each branch again divided in some cases. The spines are arranged in 
about eight more or less vertical rows, but the arrangement is obscure on whole speci- 
mens. The neck is occupied by a plug that has a bulbous spinose termination above the 
neck. The small specimen (figs. 1-2) perhaps represents another species. 


INCERTAE SEDIS 
Genus HOEGISPHAERA gen. nov. 
Type species. Hoegisphaera glabra sp. nov. 


Diagnosis. Body spherical. One hemisphere provided with a thickened circular ring, 
enclosing an operculum. The operculum is often found detached from the body. Colour 
dark amber-brown. Known species are laevigate to wrinkled. 


Remarks. Two additional species are present in the author’s collections. One occurs in 
the type section of the Sylvan shale and the other in the type section of the Tulip Creek 
formation, both of Ordovician age, Oklahoma. The colour and texture of the wall are 
similar to those of Chitinozoa, but the analogy cannot be carried farther. The genus is 
named for Ove A. Hegeg, for his contribution to our knowledge of Devonian floras. 


Hoegisphaera glabra sp. nov. 
Plate 50, figs. 5-7 


Holotype. Socony Vegreville No. 1, 14-20-51-15W4th M., 3,500-600’, Duvernay decontaminated 
cuttings. Slide 6, 44-3 110-5; size 90 141 microns, width of thickened ring 4 microns, diameter of 
operculum 57 microns (fig. 5). Illustrated: same sample, Slide 6, 45:3 112; diameter 123 microns, 
operculum 60 microns. Operculum, Imperial Paddle River No. 1, 5-17-56-8W5th M., 7,823’ core, 
Duvernay—Cooking Lake equivalent, Slide 1, 26-8 116-8; 70 microns. 


Diagnosis. Body spherical; laevigate; dark amber-brown. One hemisphere provided 
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with a thickened circular ring, surrounding an operculum of the same thickness as the 
body wall. The operculum frequently is detached from the body. Diameter of body 
110-130 microns, diameter of operculum 50-58 microns, width of thickened ring, 2-4 
microns. 


Remarks. The operculum, when etched, shows an indistinct concentric pattern not 
visible on normal specimens. Both Ordovician species are smaller. 


Genus TASMANITES Newton 1875 


In his description of T. punctatus, Newton remarked on minute lines (‘tubes ?’) 
passing from the outer to the inner surface. Singh (1932) and this author failed to find 
these canals in Tasmanite available to them. However, J. M. Schopf (personal com- 
munication) and the Jersey Production Laboratory have ample material with the canals. 
Several species of leiospheres are probably present in the Tasmanite. A detailed dis- 
cussion of the genus is contained in Schopf, Wilson, and Bentall (1944). 

The small species described here has prominent canals that start at the inner wall 
surface, many not penetrating to the exterior surface. This is the reverse of the situation 
in T. punctatus and species of Tytthodiscus seen by the author. Most of the large cysts of 
the Devonian and Lower Mississippian of Western Canada have thin walls without 
canals. No ‘pyloms’ have been noted on North American species of Tasmanites (Schopf 
1960). 


Tasmanites sp. A. 
Plate 50, fig. 8 


Figured. Imperial Labyrinth Lake 15-14, 15-14-48-23W4th M., Cooking Lake member, 5,730’ core. 
Slide 1, 37-6 121-3; 81 microns, wall thickness 9 microns. 


Description. Body spherical; thick-walled ; wall punctured with narrow even canals, only 
part of which reach the outer wall surface, separation about 6 microns; surface laevigate 
except where canals reach the exterior; colour dark amber-brown. 


Remarks. T. avelinoi Sommer 1953 (1956) is much larger. The description does not 
indicate whether all canals reach the outer surface. 


Genus CHOMOTRILETES Naumova 1953 


Remarks. Naumova published two views of the type species, one face showing a pattern 
of concentric overlapping arcs, the other two sets of intersecting arcs. The latter could 
not be demonstrated on the Alberta specimens. No haptotypic structures were noted, 
although an indistinct trilete was indicated for the Russian specimens. It is not certain 
that C.? bistchoensis sp. nov. is a plant spore, or that it belongs in Chomotriletes. 


EXPLANATION OF PLATE 51 


Figs. 1-7, Angochitina cf. devonica Eisenack. 1-2, Plugged individual from lower Ireton member, 


plug width 39 microns. 3-7, Specimens from Beaverhill Lake fm. 3, Isolated pl i 
6, Detail of denuded wall (see text). Lae ee 
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| Chomotriletes? bistchoensis sp. nov. 
Plate 50, fig. 4 


| 
| Holotype. Imperial Bistcho Lake 7-7, 7-7-124-2W6th M., 4,159-64’ core, Woodbend fm. Slide 1, 
, 21-8 124-5; 49 microns. 


| Diagnosis. Body circular in outline; surface covered by arc-like ridges that form a 
_ concentric pattern, the arcs overlapping, about twelve to sixteen crossed by a radius; 
ridges less crowded toward the poles, indistinct at the poles; no haptotypic structures 
' noted; size 47-53 microns. 


LIST OF WELLS USED IN REEF TREND STUDY 


Well Location Sampled interval no. 

! Royalite Texaco—Sharphead No. 1 8-18-44-25W4 6770-6800 ctg. 60 
_ Canadian Superior—Rausch No. 1 12-21-44-27W4 7280-7320 ctg. 69 
| A. H. C. and E. Camrose No. 1 9-29-46-20W4 5169-5231 c. 10 
' Royalite Rosecam No. 1 4-14-47-18W4 4470-4560 ctg. 67 
| Sun Pipestone Creek Province No. 1 5-11-47-24W4 5955-5990 ctg. 65 
/ Amerada Crown CF 42-24 9-24-48-17W4 4085-4170 ctg. 73 
/ Imperial Armena No. 2 3-15-48-21W4 5162-5174 c. 11 
| Imperial Labyrinth No. 1 15-14-48-23W4 5610 core 29 
Millet Leduc No. 16-6 16-6-48-24W4 5971-5986 c. 24 
| Imperial H. B. Wizard Lake No. 5-26L 5-26-48-27W4 6635-6650 ctg. 22 
- Imperial Ireton No. 1 4-10-49-26W4 6200-6245 ctg. 53 
, Anglo-Canadian Beaverhill Lake No. 2 11-11-50-17W4 3837-4038 c. ) 
| Imperial Tofield No. 1 9-18-50-18W4 4220-4280 ctg. 59 
Imperial Joseph Lake West No. 1 15-7-50-22W4 5245-5320 ctg. 77 

_ Imperial Looma No. 1 4-10-50-23W4 5370-5395 ctg. 4] 
. Gas and Oil Offsets Reality No. 1 11-25-50-27W4 5926-5931 c. 23 
_ Socony Vegreville No. 1 14-20-51-15W4 3500-3600 ctg. 57 
|| Redwater Petroleum No. 2 1-29-51-19W4 4390-4435 ctg. 1} 
_ Calmont Leduc No. 3 4-14-51-21W4 4840-4895 ctg. 81 
_C. and S. Shaw No. 1 1-20-51-22W4 5160-5205 ctg. 79 
| Imperial Foley Lake No. 1 9-16-51-23W4 5265-5285 ctg. 47 
Imperial Whitemud No. | 15-14-51-25W4 5565-5605 ctg. 42 
) Imperial Graminia No. 2-12 2-12-51-27W4 6120-6170 ctg. Bs) 
' Time Texaco Holburn No. 1 4-11-51-1W5 6540-6650 ctg. 37 
| Texaco Time Brightbank No. 1 4-28-51-2WS5 6800-6860 ctg. 33 
| Imperial Golf No. 1 2-11-52-25W4 5430-5470 ctg. 54 
Pan Western West Edmonton No. | 14-21-52-25W4 5450-5470 ctg. a2 
| Imperial Golden Spike No. 5 1-27-51-27W4 6005-6060 cores 13 
Imperial Redwater Picadilly No. 1 4-17-52-26W4 5975-6005 ctg. 38 
Imperial Spruce Grove No. 1 4-25-52-27W4 6065-6120 ctg. 36 

‘| Okalta Stony Plain No. 1 5-29-52-27W4 6140-6210 ctg. 39 
| Imperial Ardrossen No. 1 8-1 7-53-21 W4 4595-4650 ctg. 76 
| Cal. Std. Winterburn Province No. 1 10-4-53-24W4 5435-5535 core 6 
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LIST OF WELLS USED IN REEF TREND STUDY (cont.) 
SO eee 


Map 
Well Location Sampled interval no. 
Spruce Grove No. | 4-11-53-27W4 5910-5990 ctg. 40 
ea res 8-33-54-21W4 4250-4295 ctg. 74 
Imperial Riverbend No. 1 4-22-54-23W4 4695-4750 ctg. 55 
i -24-54- - 44 
Imperial Sturgeon No. 2 5-24-54-26W4 5395-5430 ctg. 
Texaco McC oll Onoway No. 1 16-18-54-27W4 6020-6080 ctg. 45 
Imperial Duvernay No. 1 6-30-55-11W4 2237-2291 c. 30 
Imperial Watt No. 5 5-11-55-14W4 2725-2820 ctg. 66 
Teapetial Willingdon No. 2 11-20-55-15W4 2975-3050 ctg. 50 
Imperial L’Amoureux No. 1 12-8-55-23W4. 4750-4820 ctg. 49 
Lignora Redwater No. 1 3-1-56-22W4 4145-4180 ctg. 51 
Imperial Mearns No. 1 15-6-56-26W4. 5435-5525 ctg. 34 
Pacific Deadman No. 1 7-32-56-27W4 5460-5590 ctg. 68 
Imperial Paddle River No. 1 5-17-56-8W5 7730-7780 c. 4 
Texaco McColl Cherhill No. 1 1-34-56-5W5 6590-6640 ctg. 78 
Canadian Superior Kozak No. 16-3 16-3-57-17W4 3110-3170 ctg. 64 
Imperial Skaro No. 1 15-2-57-20W4 3535-3620 ctg. 62 
Imperial Eldorena No. 1 4-27-57-20W4 3577-3589 core 28 
Redwater Saltwater Disposal Well 12-28-57-21W4 3628-3632 core 26 
Imperial Alcomdale No. 1 14-27-57-26W4 5195-5275 ctg. 63 
Royalite Seaboard Delph No. 1 10-17-58-19W4 3350-3410 ctg. 58 
. 3780-3315 ctg. | 
Imperial Redwater No. 2 3-29-58-21W4 3850-3885 ctg. | | 48 
Imperial Opal No. 35 7-29-58-22W4 3830-3910 ctg. 70 
West No. 6-36 6-36-58-23W4 oo eae 2 27 
Imperial Egremont West No. 6- = 3048-4008 c. 
Barnsdall Vilna Time No. 1 5-12-59-13W4 2313-2341 c. 12 
Imperial Jeffrey No. 1 6-4-59-23W4 4115-4225 ctg. Ts 
Imperial Westlock No. 14-24 14-24-59-26W4 4890-4925 c. IS) 
Falcon Seaboard Seminiuk No. 1 2-28-59-19W4 3250-3375 ctg. 2 
Great Plains Seaboard Smoky Lake No. 2 14-12-60-18W4 2855-2970 ctg. 82 
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NORMANICYTHERE LEIODERMA (NORMAN) IN 
NORTH AMERICA 


by JOHN W. NEALE 


THE distribution of Normanicythere leioderma (Norman) has been examined in a recent paper 
(Neale, Palaeontology 2, 1959, pp. 72-93) where it was shown to range from Spitsbergen 
(30° E.) to north-western Greenland (70° W.). Further information regarding its occurrence 
in North America has recently been obtained which considerably extends its western limits. — 
Dr. Frances Wagner of the Geological Survey of Canada informs me that she has found this 
species in a sample dredged from Cabot Strait (47° 30’ N., 60° W.) in autumn 1959, and that it 
is probably represented in two samples from Hudson Strait (61° 30’ N., 69° W.). The Cabot 
Strait specimens consist of one adult male right valve and one complete carapace which 
appears closest to instar 5. The material from Hudson Strait, which is questionably referred 
to N. leioderma, consists of one female left valve belonging to the penultimate instar dredged 
from a sandy clay bottom at a depth of 51 fathoms, and a complete female carapace, also 
belonging to the penultimate instar, obtained from a fine sand bottom at a depth of 145 
fathoms. So far Dr. Wagner has not found this species in the Canadian Pleistocene. 
Professor F. M. Swain of the University of Minnesota writes that he has found this species 
in northern Alaska and also believes that it occurs in raised beaches in Lake Champlain, N.Y. 
The former record extends the range of N. /eioderma at least another 70 degrees westwards so 
that it now ranges over more than 170 degrees of longitude. Although it remains to be seen 
whether any specimens will be forthcoming from the polar seas in the sector covered by the 
U.S.S.R. it seems probable that the distribution of this species is completely circum-polar, 


extending southwards to reach an extreme southern limit of approximately 44 degrees of north 
latitude. 


23 March 1960 The University, 
Hull 


_ REAPPRAISAL OF THE MESOZOIC MICROSPORE 
GENUS AEQUITRIRADITES 


| by ISABEL C. COOKSON and MARY E. DETTMANN 


| ABSTRACT. The Mesozoic form-genus Aequitriradites Delcourt and Sprumont is emended with the consequent 
| assignment to it of four species previously referred to the Palaeozoic form-genus Cirratriradites Wilson and Coe. 


_ In 1958 three species of microspores from Australian Lower Cretaceous sediments 
were referred by us to the Palaeozoic form-genus Cirratriradites Wilson and Coe 
_ although their close agreement with the Mesozoic form-genus Aequitriradites Delcourt 
_ and Sprumont was then fully recognized (Cookson and Dettmann 1958, p. 112). 
Recently, largely as the result of information from M. Delcourt concerning additional 
examples of the Belgian species A. inconspicuus Delcourt and Sprumont, it became 
evident that this species and the three Australian species referred to Cirratriradites all 
_had certain features which are not found in Cirratriradites. 

The removal of the Australian Mesozoic species from Cirratriradites to Aequitrira- 
_ dites, thus necessitated, is the main object of the present note. At the same time a broader 
_ definition of the genus Aequitriradites is proposed and the Russian Cretaceous species 
_C. interruptus Bolkhovitina is transferred to Aequitriradites. It is apparent from the 
| species now recognized within the genus that Aequitriradites has wide distribution, both 
; laterally and vertically, in Mesozoic strata. 
| 


_ Comments. The species Cirratriradites verrucosus, C. tilchaensis, and C. spinulosus, 
_ described by Cookson and Dettmann in 1958, are each characterized by a membranous 
} equatorial flange or zona, and by either an opening in or modification of sculpture of 
| the exine at and around the distal pole. This distal opening was considered to have been 
| formed ‘by the natural breakdown of the exospore in a circumscribed preformed area’ 
and we still hold ‘that as it is a developmental feature neither its presence nor absence 
- can be used for the characterization of individual species’ (loc. cit., p. 112). In conse- 
_ quence, specimens with and without a distal opening were referred to each of the three 
_ species. Specimens having entire exines (PI. 52, figs. 3, 4) usually show a distinct, strongly 
developed sculptural pattern at and around the distal pole. This area of prominent 
_ sculpture corresponds in size, shape, and position to the opening in the wall of spores in 
_ which a localized breakdown of the distal wall had occurred (Pl. 52, figs. 6, 8, 9, 12). 
When the opening is not complete both partially and wholly detached sculptural 
- elements can usually be seen about its margin (PI. 52, figs. 5, 6, 11, 12). 
Although the exine opening was not regarded by us as a specific character it was used 
_ to determine the generic position of the three Australian species. However, the opening 
_ was erroneously regarded as a ‘fovea’, so that the Australian spores were referred to 
Cirratriradites and not to Aequitriradites which differs from the former genus in the 
absence of foveae. The term ‘fovea’, as used by Potonié and Kremp (1956, p. 125, 
fig. 55) in their definition of Girrcwiradies: refers solely to a sculpture pattern which 
consists of thinner depressed areas of the exine surrounded by raised, thickened muri 


- [Palaeontology, Vol. 4, Part 3, 1961, pp. 425-7, pl. 52.] 
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(Schopf, Wilson, and Bentall 1944, p. 42; Potonie 1956, p. 66). The exine in the region of 
a fovea, although relatively thin, is always entire. On account of the distinction between 
foveae and distinct exinous openings it is clear that the Australian Mesozoic spores are 
not conformable with Cirratriradites. , 

That they conform to Aequitriradites is evident from their close resemblance to the 
species of this genus, particularly A. inconspicuus which includes spores with a distal — 
exinous opening. The figured type of this species shows such an opening (Delcourt and 
Sprumont 1955, pl. 2, fig. 6), but originally M. Delcourt considered that this opening 
was accidental (Cookson and Dettmann 1958, p. 112). Recently, however, M. Delcourt 
kindly informed us that, after an examination of a large number of specimens of A. 
inconspicuus showing a distal opening, he now regards the opening as a natural exinous 
breakdown. In order, therefore, to facilitate future identification of spores showing this 
character we are including a somewhat broader diagnosis of the genus Aequitriradites. 


SYSTEMATIC SECTION 


Infraturma ZONATI Potonié and Kremp 1954 
Genus AEQUITRIRADITES (Delcourt and Sprumont) emend. 


Diagnosis. Trilete microspores with a membranous zone. Laesurae distinct or only 
faintly represented especially towards the proximal pole. Exine entire or perforated 
distally. When perforated, the opening is formed as the result of a natural exinous 
breakdown about the distal pole. Sculptural elements various. 


Distinction. Aequitriradites differs from Cirratriradites in the absence of foveae and the — 
presence, in some species, of an opening in the distal exine. It is distinct from Styxi- 
sporites Cookson and Dettmann in the nature of the laesura. 


EXPLANATION OF PLATE 52 


All photographs are from unretouched negatives. Registered numbers are those of the palaeonto- 
logical collection of the National Museum of Victoria, Melbourne. Precise locality details are given 
in Cookson and Dettmann (1958). 


Figs. 1, 2, 5. Aequitriradites verrucosus (Cookson and Dettmann) comb. nov. P17825, Robe Bore, 
South Australia, 1,400 ft. 1, 2, x 500, proximal and distal views; 5, x 1,250, showing polar perfora- 
tion of distal verrucose exine. 

Figs. 3, 4. Aequitriradites verrucosus (Cookson and Dettmann). P17826, Robe Bore, South Australia, - 
1,400 ft. Distal views. 3, x 500; 4, x 1,250, showing verrucose sculpture pattern around pole. 

Fig. 6. Aequitriradites verrucosus (Cookson and Dettmann). P17827, Robe Bore, South Australia, 
1,400 ft., x 1,250. Distal view showing verrucae at margin of polar perforation. 

Figs. 7, 8. Aequitriradites spinulosus (Cookson and Dettmann) comb. nov. P17828, Gellibrand River 
(Devil’s Kitchen), Victoria. Proximal and distal view x 500. 

Fig. 9. Aequitriradites spinulosus (Cookson and Dettmann). P17829. Optical section of specimen, 
x 500, from Gellibrand River (Devil’s Kitchen), Victoria. 

Figs. 10, 11. Aequitriradites spinulosus (Cookson and Dettmann). P17830, Gellibrand River (Devil’s 
Kitchen), Victoria. Distal views. 10, x 500; 11, x 1,250, showing perforated exine and broad- 
based spinules. 

Fig. 12. Aequitriradites spinulosus (Cookson and Dettmann). P17818, Gellibrand River (Devil’s 


Kitchen), Victoria. * 1,250, showing regular arrangement of sculptural elements at margin of 
perforation in distal exine. 


PLATE 52 
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Type species. Aequitriradites dubius Delcourt and Sprumont 1955, p. 45; pl. 3, fig. 7. Occurrence: 
Hainaut, Belgium; Wealden. 
Other species. A. inconspicuus Delcourt and Sprumont 1955, p. 45; pl. 2, fig. 6. Occurrence: Hainaut, 
Belgium; Wealden. 

A. salebrosaceus (Maljavikina 1949, p. 65; pl. 13, fig. 14) Nilsson 1958, p. 47; pl. 3, fig. 8. Occurrence: 
Russia; Lias. Bjuv, Sweden; Rhaetic. 

A, sp. A Nilsson 1958, p. 47; pl. 3, fig. 9. Occurrence: Bjuv, Sweden; Rhaetic. 

A. verrucosus (Cookson and Dettmann 1958, p. 112; pl. 28, figs. 2-6) comb. nov. Occurrence: 


_ eastern Australia; Lower Cretaceous. Viliuisk basin, Russia; Upper Cretaceous (Bolkhovitina 1959). 


A. tilchaensis (Cookson and Dettmann 1958, p. 113; pl. 28, figs. 7, 8) comb. nov. Occurrence: 
eastern Australia; Lower Cretaceous. 


A. spinulosus (Cookson and Dettmann 1958, p. 113; pl. 28, figs. 9-13; pl. 29, figs. 1, 2, 5-7) comb. 


_ nov. Occurrence: eastern Australia; Lower Cretaceous. Viliuisk basin, Russia; Lower and Upper 
L Cretaceous (Bolkhovitina 1959), 


A, interruptus (Bolkhovitina 1959, p. 128; pl. 8, fig. 117) comb. nov. Occurrence: Viliuisk basin, 
Russia; Lower and Upper Cretaceous. 


A. infrapunctatus Lantz 1958a, p. 36; pl. 1, fig. 20, from the Purbeck of L’ile d’Oléron, France, 


| subsequently recorded (Lantz 1958, p. 924; pl. 3, fig. 31) from Purbeck strata of Dorset, England, 
| appears to be a very doubtful representative of Aequitriradites. Both specimens figured by Lantz 
| appear to possess a bladder rather than an equatorial zona, suggesting probable conformity with 
_ Zonalapollenites Pflug. 
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CARBONIFEROUS FOSSILS FROM THE 
KUTTUNG ROCKS OF NEW SOUTH WALES 


by K. S. W. CAMPBELL 


ABsTRACT. Brachiopod, polyzoan, molluscan, conulariid, and blastoid faunas from the Booral and Isaacs 
Formations on the south-eastern side of the Gloucester trough, north of Newcastle, N.S.W., are described. 
Five new brachiopod genera are established—the spiriferoids Alispirifer, Liriplica, and Spinuliplica; the rhyncho- 
nelloid Lissella: and the terebratuloid Booralia. Twenty new species and one new subspecies are named and 
described, including the type species of all the new genera. The faunas are not closely related to either the lower 
Carboniferous or the Permian faunas of eastern Australia, but there are affinities with those of similar age in 
Argentina. It is concluded that the Booral Formation is Westphalian in age and the Isaacs Formation possibly 
as late as Stephanian. 


INTRODUCTION 


THE fossils in the Booral Formation were discovered by Osborne and M‘Coy in 1946, 
and a collection of the bryozoans was described by Crockford (1946). Crockford stated 
that the fauna came from the Upper Kuttung Series, about 2,000 feet from its top. 
Osborne (1950, p. 13) confirmed the Upper Kuttung assignment, adding that he con- 
sidered the fossiliferous strata of the Booral and Limeburner’s Creek districts to be 
‘coeval with freshwater glacial silts and tillites’. 

The bryozoans were recognized as being very similar to those of the Neerkol Group of 


the Rockhampton area and rocks of similar age near Mt. Barney in Queensland. Since | 


most workers at that time agreed in dating the Neerkol Series as Moscovian, the Booral 
fauna was given a similar age from the commencement of investigations. Hence assum- 
ing the accuracy of these correlations, it became possible for the first time to date the 
early part of the Kuttung glaciation on marine fossil evidence. 

In order to check the position of the fossiliferous horizon in the stratigraphic succes- 
sion the area has been mapped in more detail than previously, and the results of this 
work are being published elsewhere. Further fossil localities in the Booral Formation 
have been discovered, as well as a new marine fossil horizon in the Isaacs Formation, 
and a plant-bearing horizon in the Karuah Formation. A short paper describing one 
member of the fauna, the trilobite Auwstralosutura gardneri (Mitchell), which also occurs 
in Argentina, has already been published (Amos, Campbell, and Goldring 1960). 


Stratigraphy. Osborne (1950) included the Booral horizon in his Upper Kuttung Series, 
but he gave no information on detailed correlations. His reason for this dating is the 
correlation of the thick toscanite unit some 1,700 feet below the fossiliferous beds with 
the Mt. Gilmore toscanite-dellenite development of the Paterson area, where it marks 
the top of the Lower Kuttung Series (Osborne 1950, p. 290). There is little doubt that 
these rocks are all the result of one more or less contemporaneous and very widespread 
volcanic episode, and there is no reason at the moment to doubt Osborne’s correlation. 

The upper volcanic rocks of the Booral area (Gloucester Volcanics) were considered 
(1950, p. 292) to be ‘high up in the Glacial Stage’, being equivalent to the Paterson 
Toscanites. This correlation is the result of the equation of volcanic rocks despite their 
[Palaeontology, Vol. 4, Part 3, 1961, pp. 428-74, pls. 53-63.] 
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very different character in the two areas, those at Paterson being exclusively toscanite, 
while those at Booral are mainly rhyolites and basalts. However, at the present stage no 
es satisfactory scheme can be offered, and Osborne’s suggestion is accepted tenta- 
tively. 

On this basis, then, the Booral, Isaacs, and Karuah Formations are all equivalents of 
the Main Clastic Zone of Osborne’s Glacial Stage (Osborne 1927), or the Mt. Johnstone 
Beds of Sussmilch and David (1919). It was in this unit at Glenoak, near Paterson in the 
Hunter Valley, that Osborne found rocks which he considered to be varves. 


TOP FAULTED 


STROUD 


VOLCANICS RHACOPTERIS (OSBORNE, | 950) 


RHACOPTERIS OVATA 


SYRINGOTHYRIS BIFIDA ETC. 


BOORAL FM. 


KARUAH FM [- 
ALDERLEY FM. 


“J ICLADOCHONUS TENUICOLLIS, KROTOVIA, 
ICHONETES CAREYI, UNISPIRIFER SP. 
DICTYOCLOSTUS SIMPLEX 


CONGER FMI: 


BURINDI GROUP 


ae ere a BASE NOT EXPOSED 


TEXT-FIG. |. Stratigraphic column of the Carboniferous 
rocks in the Booral area. 


It should be noted, however, that no evidence of glacigene rocks has yet been found in 
any of these three formations in the Booral-Stroud area, and that the glacial rocks con- 


- taining marine microfossil debris mentioned by Osborne (1950, p. 25) are not physically 


7 0" 


continuous with the rocks of this area, the powerful Allworth fault being interposed. 


Age and relationships of the faunas. In these faunas there isa total of twenty-three genera. 
At the present time four of these (Spinuliplica, Liriplica, Booralia, and Lissella) are known 
only from eastern Australia, and three from eastern Australia and Argentine (Levipus- 


tula, Alispirifer, and Australosutura). This is a particularly high percentage of ‘Gond- 


wana’ types, especially when it is considered that the remaining sixteen genera include 
the broadly conceived Rhombopora, Fenestella, Polypora, and Sanguinolites. 

In relation to the Lower Carboniferous faunas of the continent, these faunas present 
a revolutionary aspect. Only nine genera are known to be held in common, Phricodo- 
thyris, Alispirifer, Syringothyris, Fenestella, Polypora, Fistulamina, Sanguinolites, Posi- 


donia, and Cypricardinia. The number of genera persisting through to the Permian in the 
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area is unknown, but it is unlikely to be more than eight. Included in these are Fenestella, 
Polypora, Composita, Sanguinolites, and Limipecten. 

The age of the fauna is difficult to determine. The Levipustula faunas are well known 
in Queensland where they overlie coralline limestones dated as Upper Viséan (Hill 1934), 
by an interval of approximately 1,000 feet (Ww. Fleming, pers. comm.). Whitehouse 
(unpubl.) and Maxwell (1951) have both considered the Neerkol Group in which 
Levipustula occurs to be of Moscovian age, the main evidence being the similarity 


TABLE I 


Section of Fossiliferous Rocks east of Booral 


The fossiliferous unit varies considerably in thickness along the strike, and the section below has 


been taken through its thickest part, near 019840. Only the most prominent fossils in each unit are 
listed. 
ION? 

1. Barren Sandstone. 

2. Band of crinoidal siltstone containing Liriplica alta and Booralia ovata. Thickness 2 feet. 

3. Dense black siltstone with abundant crinoid columnals and containing richly fossiliferous lenses 
with Alispirifer lamellosus, Spinulicosta spinulosa, Levipustula levis, Fistulamina frondescens, 
Fenestella spp., and Polypora spp. Thickness 30 feet. 

4. Dense black mudstones, in places silicified, but with few fossils. Thickness 50 feet. 

5. Mudstone crowded with Levipustula levis. Thickness 10 feet +. 

6. Grey to black mudstone with abundant smaller fossils including Spinuliplica spinulosa, Lissella 
booralensis, Composita magnicarina, Fistulamina frondescens, Fenestella spp., and Polypora spp. 
Thickness 30 feet. 

7. Hard, grey to black siltstone, with quantities of comminuted carbonaceous material, and con-. 
taining Alispirifer lamellosus, Spinuliplica spinulosa, Phricodothyris booralensis, Composita mag- 
nicarina, Levipustula levis, Fistulamina frondescens, Fenestella spp., Limipecten flexiauriculus, and 
Calloconularia minima. Thickness 25 feet. 

Black mudstones with Fistulamina frondescens and crinoid columnals. Thickness 10 feet. 
9. Barren coarse sandy beds. 


oe) 


between the associated Spiriferellina neerkolensis and Neospirifer pristinus and certain 
American Pennsylvanian species. 

Outside Australia Levipustula is known from the Westphalian B and basal West- 
phalian C of the Franco-Belgian coalfield and Britain, and from an unknown horizon 
in the Karaulakh Mts. of Russia, as mentioned by Maxwell (1951). Our species are most 
similar to Pustula rimberti Waterlot, of the lower Westphalian C. 

Although the genus Limipecten is known from Viséan rocks in Britain, it does not 
become abundant or widespread throughout the world until middle Westphalian times, 
as for example in the Des Moines Series of North America. At least three species of this 
genus are known to be associated with the Levipustula faunas in New South Wales, 
suggesting that they are not older than Middle Westphalian. 

Lissochonetes has not yet been found in the Booral Formation, but farther east at 
Bombah Point on the Myall Lakes it is found with an Alispirifer-Levipustula fauna. This 
genus is not known anywhere in the world earlier than the base of the Pennsylvanian. 

Alispirifer has been found by Mr. B. A. Engel (pers. comm.) in association with 


Marginirugus on horizons much lower than the Booral Formation, and probably as low - 


as the early Viséan. However, in Argentina, Amos (1958) has recorded two species of 
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‘ Spirifer’, which probably belong to Alispirifer, from the upper part of the Tepuel 
System, the tentative age of which he considers to be Moscovian. 

Information available at the present time is that Calloconularia is restricted to rocks of 
Pennsylvanian age, and though the data are admittedly incomplete, it remains as some 
support for a post-Viséan age for the Booral fauna. 

The occurrence of Syringothyris in the Isaacs Formation may be construed as evidence 
in favour of an earlier age in the same way as Harrington (1938) used S. keideli as an 
indication of a Lower Carboniferous age for the San Juan tillites of Argentina. However, 
syrinx-bearing syringothyrinoids are known to occur as high as the Agglomeratic 
Slate in Kashmir (S. /ydekkeri), and Amos (1958) has found a species related to S. 
keideli in the Upper Tepuel System (see above). 

Both developments of marine fossils lie beneath beds containing a rich Rhacopteris 
flora. In the past, so far as Australian geologists have been concerned, this genus has 
been considered to be a Lower Carboniferous index (Walkom 1944). However, in South 
America it is known to range up into the Itararé Group of Pennsylvanian age, where it is 
associated with rocks of glacial origin (Caster 1952). Under similar climatic conditions 
there seems to be no reason why it should not have a similar range in Australia. 

All the positive evidence supports an age not older than Pennsylvanian for the Booral 
fauna, while the evidence of Levipustula and Limipecten favours Middle Westphalian. 
The negative evidence, e.g. the absence of any distinctive lower Carboniferous genera, 
also favours this interpretation. The fauna of the Isaacs Formation is possibly as young 
as the Stephanian. 


SYSTEMATIC DESCRIPTIONS 


Order CONULARIIDA Miller and Gurley 1896 
Suborder CONULARIINA Miller and Gurley 1896 
Family CONULARIIDAE Walcott 1886 
Subfamily PARACONULARIINAE Sinclair 1952 
Genus CALLOCONULARIA Sinclair 1952 


Type species Calloconularia strimplei Sinclair, Upper Pennsylvanian of Oklahoma. 


Remarks. See Moore and Harrington (1956, p. 65). 


Calloconularia minima sp. nov. 


Holotype. F.4123a; paratypes F.41238-G; from the Booral Formation below the main Levipustula bed, 
near 019840. 


Description. Faces of equal width; unknown whether transverse section square or 
rhombic; apical angle ranges from 20° to 26°; corners with well-formed furrows; shell 
somewhat thickened in corners; transverse ribs narrow, rather closely spaced, and much 
narrower than interspaces; measurements of number of ribs on mid-face of three 
specimens at given distances from the apex are: 


Specimen I Specimen 2 Specimen 3 


Distance from apex inmm. 15 25 35 c. 45 ORS 20 
Number of ribs per 3 mm. OME GIP 35 3 NO) 


transverse ribs slightly deflected adorally in corner angles, and those of adjacent faces 
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alternate; on mid-face a distinct ridge across which ribs show an even curvature, or more 
frequently sub-angular flexure; ribs both continuous and alternate, sometimes showing 
both conditions on one face; very fine cross-bars, often not visible on adapical portions 
of test, between ribs; they number about five per mm. at a distance of c. 30 mm. from 
apex; internal moulds also with extremely fine cross-bars at same spacing; at adoral end 
of internal moulds, crests of infillings of transverse ribs show very fine shallow incisions, - 
indicating thickening of test in this position; apex and aperture not observed. 


Remarks. Lam in doubt as to whether this species should be referred to as Paraconularia 
or Calloconularia. Moore and Harrington (p. 65) give as a generic character of Para- 
conularia ‘mid-line on faces indicated only by slight deflection of ribs along it’. In my 
specimens there is a distinct ridge along the mid-faces, and hence they would appear to 
be excluded from that genus. Despite the above statement, however, the figures of 
Paraconularia given by these authors include many in which the mid-line is marked by 
alternating transverse ribs. No details of the mid-face of Calloconularia are given. 


Class BLASTOIDEA 
Genus PENTREMITES Say 1820 


? Pentremites sp. 
Plate 56, fig. 2 
Material. F.4714c, from the beds below the main Levipustula bed, near 019840. 


Description. A single radial plate, length about three times width; ambulacral area c. 
0-5 of total plate length, narrow, and with narrow, sharp, everted margins; triangular 
area below ambulacrum separated off from remainder of plate by its slightly greater 
arching, and by the abrupt change in direction of growth lines at its margins; profile of 
basal edge almost straight; upper edges not observed; ornament of growth-lines only. 


Remarks. The upper part of this plate is badly broken and so the proportions given above 
are only estimates. The contour and outline indicate that the basals also must have been 
elongate and hence that the vault/pelvis ratio was low—probably slightly less than 0:-5— 
and that the pelvic angle was correspondingly low. The form of the whole calyx must 
a been similar to that of the more elongate representatives of Pentremites okawensis 
eller. 
Its Carboniferous age together with the morphological data suggest that the speci- 


men could be placed in any one of the genera Pentremites Say, Orophocrinus von Seebach, 
or Metablastus Etheridge and Carpenter. 


Suborder PRODUCTOIDEA Maillieux 1940 
Superfamily PRODUCTACEA Waagen 1883 
Family OVERTONIIDAE Muir-Wood and Cooper 1960 
Subfamily OVERTONIINAE Muir-Wood and Cooper 1960 
Genus LEVIPUSTULA Maxwell 1951 


Type species L. levis Maxwell, Neerkol series of Queensland. 


Diagnosis. See Muir-Wood and Cooper 1960. 
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Remarks. The spine bases do not appear to be divisible into the three groups as suggested 
by the above authors. There is no independent row along the hinge, but there are several 
rows set obliquely to the hinge in many specimens. On others the auricular spines are 
irregularly arranged. The arrangement of the spines on the body of the pedicle valve is 
irregular to quincuncial. There are also fine spines on the brachial valve. 

There is a close comparison between Levipustula and the forms referred by Waterlot 
(1932) to Productus (Pustula) piscariae and P. (P.) rimberti from the Westphalian of 
northern France. One possible point of distinction is a slight sinus in some specimens of 
P. rimberti but this is not a constant character, and in fact may be due to slight distortion 
of the specimens. Demanet (1943) referred Belgian Westphalian forms to both of the 
above species, and these show the long upright spines on the ears, the trifid dorsal face 
of the cardinal process, and the non-dendritic adductor muscle scars in the brachial 
valve (Demanet pers. comm.). Whereas Waterlot records that in his specimens of P. 
rimberti the spines are developed from the middle of the spine bases, Demanet informs 
me that in his specimens they are given off from the anterior extremity as they usually 
are in Levipustula. Both the French species occur in Britain and I have examined 
numerous specimens in the Geological Survey and Museum. 


Levipustula levis Maxwell 
Plate 56, figs. 18-30 
1951 Levipustula levis Maxwell, p. 11, pl. 2, figs. 4-13. 


Material. Many hundreds of specimens from all levels in the fossiliferous part of the Booral Formation. 


Remarks. Specimens from both mudstone and sandstone are available and show some 
differences, chiefly in the density of the spines. The following comments are intended only 
as a supplement to already published descriptions. 

Body of pedicle valve ornamented with very fine concentric growth-lines together with 
occasional minor rugae; spine arrangement varies from quincuncial to irregular; de- 
crease in spine density on trail common; occasional specimens with irregular bands of 
spines on trail, or with very elongate spine bases; on body of valve spines invariably 
developed from front end of spine bases, which vary greatly in length even over small 
areas of shell, adjacent individuals on one specimen are 2 mm. and 6 mm.; average 
length of bases 3 mm.; auricular spines on circular bases, stand out at high angle to 
shell, and often arranged in a roughly linear pattern of three to five rows directed antero- 
laterally from the hinge at angles of 10°-20°; occasionally irregularly arranged; size of 
auricular spines increases away from umbo. 

Brachial valve with gently concave visceral disk and narrow geniculate margins ; umbo 
very small (c. 0-5 mm.) and convex; ornament of short oval depressions and fine spines ; 
depressions very variably developed in size and number, and may occur over whole valve 
or be restricted to anterior and lateral portions; spines much finer than those of pedicle 
valve, usually absent within 5 mm. of umbo, and less frequent on trail than body of 
valve; spines arise directly from shell or from very short bases, and directed at a high 
angle to the shell surface. 

Pedicle interior often with a thickening just forward of the hinge and running inside 
the flanks. 

Ventral surface of cardinal process either gently rounded or with a shallow medium 
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groove; ventral tip of process slightly bifid, and its dorsal surface deeply trilobed, the 
central lobe in some specimens bearing a very fine shallow depression ; cardinal ridges 
strong and usually terminate before reaching cardinal extremities, but occasionally con- 
tinue down the lateral margins for 5-10 mm.; adductor scars on subtriangular platforms 
which usually extend beyond anterior edge of scars themselves; brachial ridges rarely 
seen, but arise from antero-lateral edge of muscle platform, run antero-laterally and then 
swing round in a broad loop with the distal tip deflected in towards the septum. 


Suborder SPIRIFEROIDEA Allan 1940 
Superfamily SPIRIFERACEA Waagen 1883 
Family SPIRIFERIDAE King 1846 
Subfamily ACROSPIRIFERINAE Termier and Termier 1949 
Genus ALISPIRIFER gen. nov. 


Type species A. Jaminosus sp. nov., Booral Formation. 


Diagnosis. Alate spiriferoids; hinge-line less than maximum shell width at early growth 
stages but becoming mucronate in adolescence and adulthood; pedicle cardinal area 
of moderate height, concave, with blunt terminations, and bearing numerous denticle 
grooves; sinus simple except for a very weak median plication which is not invariably 
developed; lateral slopes usually with eight to twelve simple rounded plicae, but very 
occasionally a plica bifurcates; the most lateral plicae very weak and often slightly 
sinuous; surface of both valves crossed by closely spaced regular concentric growth-lines 
and irregular growth halts, and by very fine radial lirae ; liraenumber about fifteen permm., 
and are in line on adjacent lamellae; umbonal cavities of pedicle valve obliterated by 
shell thickening; dental lamellae almost completely involved in the thickening; distinc- 
tively rounded callus between the posterior edges of the dental lamellae and obstructing 
the posterior half of the delthyrium; small callus immediately beneath the brachial 
umbo carries the platy cardinal process; sockets small; brachial myophragm very weak 
where it joins the umbonal callus, but may thicken between the central pair of adductors; 


postero-lateral pair of adductor scars on the furrows bordering the fold and extending 
back to the umbonal callus. 


Remarks. Two other genera are closely comparable with Alispirifer—the Devonian 
Acrospirifer Wedekind and the Permian Pterospirifer Dunbar. 

In Greenland specimens of Pterospirifer the delthyrium is ‘overarched by a high del- 
thyrial covering that looks like a deltidium. Its surface sculpture is not sufficiently well 
preserved in the specimens seen to indicate it is a true deltidium or a symphytium’ 
(Dunbar 1955). King (1850) described an English specimen referred to the type species, 
in which the delthyrium is almost completely arched over by a single strongly lamellose 
plate. I have been able to confirm this on several Magnesian Limestone specimens in the 
Sedgwick Museum and in the Geological Survey and Museum. Nothing comparable 
occurs in Alispirifer. 

In the German Prerospirifer alatus there are sixteen to twenty plicae on each side of the 
sinus (Malzahn 1937, p. 38). On the Greenland specimens, Dunbar records the presence 
of ‘a dozen or more rounded plications ...’, and in the British specimens there are twelve 
to sixteen. Bifurcation is a fairly frequent phenomenon. In Alispirifer there are fewer 
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than a dozen plicae, and bifurcation is rare. The sinus in Pterospirifer from all localities 
is from three to five times the width of the bordering plicae. In Alispirifer the sinus is 
relatively much narrower. 

The internal structures of P. alatus are not well known. Dunbar records that the 
posterior part of the pedicle valve is ‘considerably thickened by later shell growth’, 
but no figures are given. The English specimens also are thickened across the shoulders 
but the extent of the thickening is not comparable with that of Alispirifer, in which the 
delthyrial cavity forms a pronounced finger-like extension. The brachial valves of these 
specimens show the presence of ‘septa’ supporting the crural plates, but such structures 
do not occur in Alispirifer. 

Acrospirifer is of Lower and Middle Devonian age, and I can find no record of it in 
Upper Devonian or Lower Carboniferous rocks. At the present stage of our palaeonto- 
logical knowledge, however, it would not be safe to place much weight on this apparent 
temporal discontinuity. The morphological similarities between the two genera are 
striking, and the differences slight. The chief points of distinction are: (1) There is no 
delthyrial callus in Acrospirifer. (2) The brachial myophragm of Acrospirifer develops 
as a rather broad triangular structure from the thickening in the notothyrial cavity, 
whereas in Alispirifer, although it is sometimes in contact with the notothyrial callus, it 
does not derive from that structure, and its posterior extremity is invariably fine and low. 
(3) There appears to be some doubt as to the structure of the radial ornament of Acro- 
spirifer. Mailleux (1936) has described specimens of the type species, A. primaevus 
(Steininger) in which there are fine radial lirae which do not appear to be interrupted by 
the concentric ‘striae’. These observations have been confirmed for the same specimens 
by Allan (1947, p. 448). Solle (1953, p. 29) in his diagnosis of the genus makes no men- 
tion of radial lirae, but speaks only of growth laminae and papillae arranged in rows. 
Fine surface sculpture may therefore prove to be a point of distinction from Alispirifer. 
(4) The delthyrium in Acrospirifer is partly covered by a simple, highly arched plate. 
(5) The notothyrial cavity in Acrospirifer is usually only slightly thickened, and the 
cardinal process is not on a large boss. 

Alispirifer is widespread in the post-Lower Burindi rocks of New South Wales, and is 
represented by several species. It probably occurs in Argentine also. 


Alispirifer laminosus sp. nov. 
Plate 55, figs. 17-23 


Holotype. F.4938; paratypes F.4940-F.4945 from beds above and below the main Levipustula bed, 
near 019841. 


Description. Shell very transverse and the extremities almost invariably mucronate; in 
most specimens mucronation slight, but in others long slender mucros developed, the 
largest (relatively) observed being about 10 mm. long on a specimen 75 mm. in total 
width; cardinal area proportionately wide and only slightly concave, except immediately 
beneath the umbo, where the concavity is greatly increased ; cardinal ridges very angular; 
considered as a whole, area slightly apsacline—almost orthocline; well-developed 
slightly irregular denticle grooves over entire surface of cardinal area; cardinal area 
tapers towards the cardinal extremities, where it is abruptly terminated; margins of 
delthyrium clearly defined by narrow dental ridges; delthyrial angle averages 50°-55°; 
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sinus narrow (sinal angle averages 23°), and either simple or bearing faint median eleva- 
tion or flattening, scarcely prominent enough to warrant the term plication; lateral 
slopes simply plicate, no plication observed to bifurcate and no intercalation; nine to 
twelve rounded plicae on each side of the sinus in ad ults, the most lateral ones tending to 
become quite irregular; plicae approximately of same size as interspaces, the latter being 
slightly more angular than the former; whole surface (excluding the cardinal area) 
covered by regular closely set growth lines, and irregularly spaced lamellae which tend 
to become more regular towards the front of the shell; very fine radial lirae (about 
15 per mm.) cover the surface; lirae appear to be in line on adjacent lamellae, and 
occasionally run continuously across successive lamellae, causing slight serration in 
their edges. | 

Brachial valve much less convex than the pedicle; cardinal area well developed, — 
slightly concave, almost parallel sided, and anacline; median fold narrow, rounded on 
top or gently flattened. 

Umbonal cavities of pedicle valve almost entirely filled with callus; postero-dorsal 
part of the delthyrial cavity occupied by a callus with a rounded dorsal surface which 
usually projects very slightly through the delthyrium beyond the plane of the cardinal 
area; margins of delthyrium not obscured by this callus since its edges unite with the 
inner faces of the dental lamellae on the inner side of the edges of the delthyrium; 
posterior half of the delthyrium usually obstructed by callus; muscle field in adults 
almost as wide as long, but in juveniles relatively narrower; muscle field folded by the 
plicae which border sinus; second lateral pair of plicae sometimes visible on outer 
edges of field, but always much reduced; adductor scars indefinite and very variable in 
outline; diductors scars usually longitudinally striated; genital pits distributed across. 
the shoulders for half the width of the shell and for 4 or 5 mm. forward of the muscle 
field. 

Cardinal process on face of well-developed callus situated between sockets; sockets 
themselves unusually small for a shell of this size, but socket plates quite thick; crural 
plates small, do not reach to the floor, and not supported on adminicula; posterior end 
of adductor scars project into small cavity dorsal to umbonal callus; in adults posterior 
edge of the central pair of muscle scars approximately 5 mm. forward of the edge of 
umbonal callus; length of central scars c. 8 mm.; lateral scars occupy the plication 
bordering the fold, but may extend sideways on to first lateral plica near their rear 
extremity; myophragm touches the callus, increases slightly in size between the central 
adductors, and dies out at their anterior extremity. F 


Remarks. The denticle grooves on the cardinal area of the pedicle valve vary very con- 
siderably in depth. Since all the specimens are preserved as moulds, it is possible that 
differential solution of the denticle traces took place before the consolidation of the 
enclosing sediment (Young 1884), and that the varying depth of the grooves is the result 
of differing degrees of solution. 

In most specimens the adductor scars of the pedicle valve are situated in a shallow 
furrow and extend the whole length of the muscle field. In others they are restricted to the 
anterior two-thirds of the field. In outline they vary from parallel sided to canoe shaped. 


The myophragm varies from a small notch at their posterior edge, to a fine ridge extend- _ 
ing over almost their entire length. 
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Both ‘ Spirifer’ chubutensis and ‘ Spirifer’ sp., which Amos (1958) has described from 
the upper part of the Tepuel System of Argentina, are to be referred to this genus, but 
the preservation of the material is too poor to warrant specific comparison. 

The species is common throughout the Booral Formation and occurs on all levels. 


Alispirifer laminosus undatus subsp. nov. 
Plate 63, figs. 3-4 
Holotype. F.4765; paratypes F.4756—F.4764, Isaacs Formation near 987823. 


Description. This subspecies differs from the parent species in the irregular, wavy form 
of many of its plicae, and in the bifurcation of occasional plicae. Neither of these features 
is present on all specimens, nor even on most. Also, the callus within the delthyrium of 
A. laminosus is usually much stronger than in A. /. undatus, and the denticle grooves on 
the cardinal area of its pedicle valve are slightly more widely spaced and more irregular. 


Remarks. This subspecies is distinguishable only on a population basis, as there is a 
considerable overlap in all features with the parent species. 


Subfamily PHRICODOTHYRINAE Caster 1939 
Genus PHRICODOTHYRIS George 1932 


Remarks. This genus was reviewed by me in 1955. Since that date two new species have 
been described from New South Wales by Cvancara, and there is other additional 
information from specimens from several new localities and horizons. 

The spines of P. immensa each consist of a pair of incomplete tubes, a split being 
present along the edge facing the shell. Though no actual spines of other species have 
been observed, the structure of the spine bases (Cvancara 1958, pl. 111, figs. 25-26) 
clearly suggests that they also were split in the same way. George (1932, p. 528) figures 
the spines of Phricodothyris as complete tubes, and the spine bases as completely 
enclosed. 

None of the N.S.W. species has small pustules between and in front of the spine bases 
as do P. monopustulosa Demanet and P. tripustulosa Demanet, and some undescribed 
British species. 

No transverse barbs have been observed on the few spines of P. immensa available. 

George (p. 527) comments that ‘the development of spines (in Phricodothyris) on 
successive lamellae is not, other than exceptionally, in radial linear series’. On most of 
our species the arrangement of the spines is frequently, though not invariably, radial. 
Both radial and non-radial sectors sometimes occur on the one shell. 

These features, coupled with the invariable development of strong dental lamellae, 
ventral adminicula, and median septa, may yet require the removal of the New South 
Wales species from Phricodothyris and their inclusion in Kitakamithyris. However, more 
details of the spines of Kitakamithyris, and of the occurrence of double-barrelled spines 
on species with a ‘ Reticularia’-like shell form in western Europe, are required before 
definite conclusions can be reached. 

The internal radial ornament common to the whole group of reticulate spiriferids has 
never been described in detail, and its function remains unknown. Several features which 
need explanation have been observed in our specimens. Increase in the number of radial 
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ribs takes place both by bifurcation and implantation. Some ribs are very short and imper- 
sistent. Others after bifurcating reunite. On the pedicle valve, at least, ribs are present on 
the inner surface of the palintrope. On well-preserved specimens ribs are never developed 
around the margins. It is fairly certain, therefore, that they are not deposited at the 
mantle edge but are the result of later deposition by the inner surface of the mantle. 
They are not obliterated on the older parts of the shell by the filling up of the intervening 
furrows, but they are almost always partly preserved on the muscle fields. 

hey can scarcely be related to the pallial system because of their general disposition 
and their presence inside the palintrope where no pallial sinuses are present. They cannot 
be related to the presence of strong mantle setae (i.e. setal tracks) because they are not 
mantle edge phenomena, and obviously there can be no setae along the hinge. Their 
origin remains obscure. 


Phricodothyris booralensis Campbell 
Plate 54, figs. 1-3 
1955 Phricodothyris booralensis Campbell, p. 381, pl. 18, figs. 18, 19. 
Neotype. F.4903a from the Booral Formation near 019840. 


Remarks. The types of this species were destroyed in a fire at the University of New 
England in February 1958. The above neotype has been selected from several topotypes 
which have since come to hand. From these specimens it has been possible to add the 
following details to the original description. 

Pedicle umbo prominent (not small as previously thought probable); cardinal area 
high, and bearing shallow denticle grooves numbering five to seven per mm.; dental. | 
ridges prominent; hinge line about four-fifths of the maximum shell width; ventral 
adminicula slightly divergent to subparallel along the floor of the valve, and extending 
approximately one-quarter of its length; dental lamellae strong; median septum reaches 
maximum height (between | and 2 mm.) near its posterior extremity and maintains it 
over almost its entire length; in transverse section median septum usually broad at base 
and with a much narrower capping lamella, but some specimens show a simply triangular 
section; on the inner face of each dental lamella are a pair of low ridges increasing in 
strength towards the umbo; external pair unite on the umbo, and internal pair coalesce 
to form a pronounced flange restricting the apex of the delthyrium. 

Crural plates large, thick, strongly concave on their inner (notothyrial) faces, and 
fusing with the floor of the valve for a short distance in front of the cardinal process: 
leaving small umbonal cavities; socket plates thick; sockets very small; cardinal process 
concave, formed of up to about forty plates in available specimens; thick smooth callus 
forward of cardinal process produced into a gradually diminishing myophragm; 
adductor scars large and ovoid, but poorly defined. 


Fine radial ribbing on interior of both valves, ribs numbering two to three per mm. 


Phricodothyris immensa sp. nov. 
Plate 54, figs. 4-11, and Plate 59, fig. 5 


Holotype. F.4917c; paratypes F.4914G, F.4915a-p, F.4916s, F.4917B, F.4918-F.4919, from the Isaacs 
Formation at 987823. | 
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Description. Shell very large for genus; hinge-line only slightly shorter than maximum 
width of shell, and cardinal extremities subangular to rounded; pedicle valve more 
strongly convex than brachial, particularly in umbonal regions; pedicle umbo high and 
moderately incurved over a concave cardinal area; fine irregular ridges, many of which 
bifurcate towards cardinal ridges, on pedicle cardinal area; eight to ten ridges per 5 mm. 
along the hinge; no hinge denticles observed ; delthyrium wide and open (delthyrial angle 
c. 45°); no delthyrial covering plates present; narrow (sinal angle 18—25°), shallow, 
median sinus extends from umbo; concentric ornament regular, with lamellae spaced 
eight to ten per 10 mm. medially; this spacing uniform at all except final adult stages, 
where crowding always occurs; lamellae quite distinct but frequently not very sharply 
defined ; eight to eleven spine bases per 5 mm. medially, at all growth stages; spine bases 
all clearly divided into two, the bifid portion usually occupying slightly more than half 
the length of each lamella; pointed posterior portion of scar, so common in members of 
this group, very rarely visible, and where present is on posterior half of lamella; no 
pustules between major spine bases. 

Brachial valve more or less oval in outline; low rounded fold extending from umbo, 
and bordered on either side by narrow and slightly flattened strips; commissure unipli- 
cate; specimens with cardinal area 5 mm. high common; notothyrium very broad, 
(notothyrial angle 80—90°) ; cardinal area ridged after same fashion as that of pedicle valve. 

Dental lamellae strong and supported on thick adminicula; thickening of dental 
lamellae, particularly on their outer faces, common, and their inner faces often bear one 
or two strong longitudinal ridges; adminicula run either a straight course along floor of 
valve, or are slightly concave toward each other; angle of divergence along floor of 
valve is about 25°; from their anterior ends run very low rounded ridges which converge 
towards the mid-point of the valve, and bound the canoe-shaped muscle field; in the 
apex of delthyrial cavity is a small callus from which develops a median septum of 
variable height (2 mm. maximum) extending whole length of muscle field; adductor and 
diductor scars indistinguishable; inside upper half of delthyrium is a narrow thickened 
plate arching over beneath the umbo, and formed from two thickened ridges on inner 
faces of dental lamellae; in occasional specimens this plate united with median septum 
for a short distance; whole of inner surface covered with radial ornament typical of 
reticulate spiriferids, but unusually coarse and deep, there being six to ten ridges per 
5 mm. on median portion of lateral slopes; size of these ridges diminished on muscle 
field, particularly around its margins. 

Crural plates long and deep, and concave on their inner faces; crural plates welded to 
floor of valve for a short distance, but never supported by adminicula; at apex of 
slightly thickened region between bases of crural plates is large striated cardinal process, 
formed of from twenty-five to forty-five separate plates, median one of which often 
slightly larger than others; from edge of sessile portions of crural plates arise low 
rounded ridges which diverge slightly forwards and then arch around to meet at a point 
one-half to two-thirds of the length of the valve, thus isolating a very large, ovate 
muscle field; not possible to differentiate two pairs of adductors except at the posterior 
margins, where short thickened projections from umbonal thickening divide off the 
central pair; very low myophragm runs length of field; sockets straight, not enclosed 
at apex, and socket plates not thickened; descending lamellae and spires robust; 
individuals of moderate size with about twenty volutions in spire. 
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Remarks. This species is obviously related to P. booralensis and at first the two were 
considered to be conspecific. However, P. immensa sp. NOV. has (1) much coarser internal 
radial ornament—six to ten ridges per 5 mm. as opposed to ten to fifteen in P. boora- 
lensis; (2) coarser ornament on the cardinal areas of both valves; (3) broader muscle 
fields in both valves; (4) a stronger umbonal thickening in the brachial valve; (5) a more 
deeply impressed anterior part of the pedicle muscle fields; (6) heavier crural plates. 


Superfamily PUNCTOSPIRACEA Cooper 1944 
Family SPIRIFERINIDAE Davidson 1884 
Subfamily SPIRIFERELLININAE Paeckelmann 1931 
Genus LIRIPLICA gen. nov. 


Type species Liriplica alta sp. nov., Booral Formation. 


Diagnosis. Shells of medium size; both valves rather strongly convex; pedicle umbo high 
and incurved; lateral slopes curve around on to distinct but obtuse cardinal ridges; 
hinge-line less than maximum width of shell and cardinal extremities rounded at all 
growth stages; approximately six low, rounded, plicae on each lateral slope; median 
sinus two to three times wider than the bordering plicae, and carrying a low, rounded, 
median plica; fold distinct and bearing a median furrow on its anterior half; surface of 
both valves crossed by fine regular growth-lines and coarse irregularly spaced growth 
halts, and by very fine discontinuous radial lirae; umbonal cavities of pedicle valve 
obliterated by massive shell thickening which extends as far forward as the edges of the 
dental lamellae; strong callus in apex of delthyrium buttressed to inner faces of dental 
lamellae by thickened outgrowths; strong median septum; 
brachial valve thickened along hinge; crural plates curved 
; inwards and meeting immediately beneath the umbo to sup- 
port the flat, platy, cardinal process; central adductor scars 
TEXT-FIG. 2. Diagrammatic 'Stricted to crest and sides of the median fold; postero-lateral 
sections across two spines of SCars on bordering furrows and may encroach posteriorly on 
Phricodothyris immensa sp. to the first lateral plicae; spires and jugum unknown; punctae 
nov. Reconstructed from irregularly arranged and numbering about ten to fifteen per 
moulds, F.4939a-B. x 75. : o 
sq. mm.; diameter of punctae in inner shell layer 0-015 to 
0-04 mm. 

Remarks. This genus is similar externally to Reed’s poorly known genus Paraspiriferina.. 
The following points suggest that the two are distinct: the absence of a plica in the sinus 
of Paraspiriferina; the fact that Reed mentions nothing about fine surface ornament, 
apart from lamellation, when we know from his other descriptions that he was fully 
aware of the importance of such; and the fact that the records of similar Permian forms 
elsewhere in the world (e.g. Spiriferina multiplicata King, of Dunbar (1955) from Green- 

land) make no mention of either a much thickened pedicle umbo or lirate surface. 
From Spiriferellina it is readily distinguished by its proportionately narrower sinus 
and fold, narrower more numerous plicae, median plica in the sinus, and lirate rather 
than spinose ornament. Punctospirifer also has sharper cardinal ridges, and differs 
further in the absence of fine regular growth-lines in addition to the growth lamellae, 
the absence of a plication in the sinus, the absence of strongly thickened umbonal — 
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cavities in the pedicle valve, the lack of the strong convex thickening occupying most of 
_ the delthyrium, and the presence of a strongly protruding cardinal process. 
I have not found species referable to this genus anywhere in the literature. 


Liriplica alta sp. nov. 
Plate 53, figs. 9-18 


Holotype. F.4884; paratypes F.4885—F.4887, F.4891B, F.4892a—8, F.48934-£, F.4894B, and F.4895G-L, 
from the uppermost fossiliferous bed near 019840. 


Description. Shell approximately as long as wide; hinge-line less than the maximum 
shell width throughout ontogeny; cardinal extremities rounded; cardinal area high and 
strongly concave; umbo pointed; delthyrial angle averages 35°; narrow shallow sinus 
extends the length of the valve, and within it a distinct median plica reaches to within 
_1cm. of the umbo; lateral slopes well rounded and curve around on to the distinct but 
obtuse cardinal ridges, which become progressively sharper towards the cardinal ex- 
_ tremities; lateral slopes each carry six or seven well-rounded plications; surface of each 
valve crossed by very fine closely spaced growth-lines, and at irregular intervals by much 
, larger growth halts; fine radial lirae numbering twelve to fifteen per mm. in the sinus, 
) well developed over whole surface except cardinal areas; lirae not similar in size, the 
_ largest being twice the size of the smallest ; on adjacent lamellae, lirae appear to be in line. 
__ Brachial valve much less convex than the pedicle; rather evenly convex in longitudinal 

profile, and gently convex on the lateral slopes; fold evenly rounded on the posterior 
half of the shell but develops a shallow median furrow on the anterior half; cardinal 
| ridges curved toward the umbo, but become straighter laterally; size and spacing of 
_ punctae as in the generic description. 

Pedicle interior with excessively thickened umbo and umbonal cavities; thickening 
(continued well forward inside cardinal area, and a thick rounded ridge protrudes slightly 
anterior to hinge; this ridge arises from the sides of the dental lamellae, and runs out- 
i ward and slightly forward, petering out before reaching lateral margins of valve; dental 
\lamellae very swollen on their inner surfaces and fill the delthyrial cavity to varying 
idegrees; median septum high and blade-like, arising from the muscle field at a very 
»sharp angle; septum 1-2 mm. in width at base, and extremely variable in transverse 
)section; in juvenile specimens septum passes backwards into narrow rounded callus 
| partly filling apex of delthyrium, but this continuity obstructed in adults due to merging 
‘of callus with inner swollen edges of dental lamellae; extent to which delthyrium ob- 
jstructed by callus variable, but usually one-half to two-thirds of its length; muscle field 
ilong and narrow, width/length ratios ranging from 0-4 to 0:55; adductor scars apparently 
‘sometimes restricted to sides of septum, but often occupying flattened area along its 
{margins as well; few coarse genital pits scattered within 5 mm. in front and at the side 

of muscle field; ‘hinge line not denticulate. 

Brachial valve much thickened across shoulders; sockets small and shallow, and open 
sover their entire length; socket plates thick, and buttressed by shoulder thickening; 
crural plates short and not attached as septa to floor of valve, their dorsal edges being 
deflected inwards and becoming confluent immediately beneath the umbo, forming a 
jshelf on which the cardinal process is developed; cardinal process concave on ventral 
\face; central adductor scars short and situated well forward (c. 5 mm. long in valve 
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22 mm. long, and their posterior edge c. 8 mm. from tip of umbo); scars restricted 
to median fold, broadest c. 1-2 mm. from their anterior extremity and taper gently 
backwards; postero-lateral adductor scars often on narrow sharp ridge near front, 
becoming broader and flat toward rear, and usually reaching to within 1 mm. of edge | 
of crural plates; rear edge of these scars sometimes encroaching on first lateral plica; | 
myophragm present. 


Remarks. The callus occupying the delthyrium is very distinctive. Its outer surface is well 
rounded, and is either simple or divides into two toward the hinge-line. Usually its 
surface is not protruded beyond the plane of the cardinal area, but occasionally it is. In 
external view it is sharply separated from the inner faces of the dental lamellae by deep 
angular grooves. The muscle field and septum of the pedicle valve are highly variable. In 
some individuals there is a clearly defined trough on either side of the septum, presum-— 
ably for the attachment of the lateral parts of the adductors. In other specimens there 
is no sign of these. Some of the variations in the longitudinal profile of the septum are 
given in text-fig. 3. 
I know of no species to which L. alta is related. 


Genus SPINULIPLICA gen. Nov. 
Type species Spinuliplica spinulosa sp. noy., Booral Formation. 


Diagnosis. Shells of medium size; hinge-line less than maximum shell width at all 
growth stages; umbo low to moderate in height; pedicle cardinal ridges distinct but 
obtuse; lateral slopes with six or seven well-rounded costae; median sinus much broader 
than the bordering costae, and carrying a low median plication; surface of both valves 
crossed by fine growth-lines and coarse irregularly spaced growth halts; closely spaced, 
fine, anteriorly directed spines cover whole surface; dental lamellae strong and diverging — 
down margins of sinus; median septum massive; umbonal cavities only slightly | 
thickened; crural plates strong and frequently uniting with wall of shell to form short | 
septa; cardinal process deeply platy, and supported on a thickening between the crural 
plates; adductor scars of brachial valve as in Liriplica; punctae number twenty to forty | 
per sq. mm. and are irregularly arranged; in inner shell layer diameter of punctae | 
is 0-03 to 0:07 mm. 


| 
| 
| 
| 


EXPLANATION OF PLATE 53 
All figures natural size, and of rubber casts unless otherwise stated, 


Figs. 1-8. Spinuliplica spinulosa sp. nov. 1, 4. Exteriors of pedicle valves, F.4934p, and F.4934a. 2a-b, 
Exterior and interior of brachial valve, F.4931. 3, Mould of interior of pedicle valve, F.4922, holo- | 
type. 5a—b, Mould and rubber cast of interior of pedicle valve, F.4934n. 6, Internal mould of pedicle 
valve, F.4925. 7, Interior of small pedicle valve, F.4928a. Cardinal area slightly depressed into the 
shell. 8, Detail of surface ornament, F.4932a, x 10. | 

Figs. 9-18. Liriplica alta sp. nov. 9a-b, Rubber cast and original internal mould of interior of pedicle 
valve, F.4885. 10-11, Interiors of two incomplete pedicle valves. Anterior parts of shell broken away. 
F.4893p and F.4894B. 12-13, Two pedicle valves F.4886 and F.4884. The latter is the holotype and | 
is not a cast. 14-15a, Interiors of three brachial valves, F.4895G, F.4893B, and F.4887. 16-17, Brachial 


ae ree and the latter destroyed by fire. 18, External mould, showing details of ornament, 
é 10: 


oS a. unctospirifer sp. Pedicle valve with umbo and part of brachial valve showing behind, 
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Remarks. The appearance of the crural plates as septa is probably to be correlated with 
the absence of thickening in the umbonal cavities of the brachial valve. Where the 
thickening is strongest the crural plates are buttressed by it and do not appear as septa. 
_ The genus is distinguished from Liriplica by its lower pedicle umbo, much less 
thickened pedicle valve, no distinctive callus between the dental lamellae and obstructing 
the delthyrium, and the presence of spines rather than lirae on the surface. Spiriferellina 
is smaller in size, has proportionately larger plicae in relation to the fold and sinus, and 
‘different fine surface ornament. Punctospirifer differs in its more extended hinge, non- 
plicate, fold and sinus, much higher cardinal area, and its lirate rather than spinose 
surface ornament. 

Spiriferellina neerkolensis Maxwell possibly belongs to this genus, though spines have 
never been described on its surface, and the number of lateral plicae is fewer than in 
ie type species. 
| 


i eee 

| 

| TEXT-FIG. 3. Longitudinal sections of the TEXT-FIG. 4. Longitudinal section of 

pedicle valve of Liriplica alta gen. et sp. the pedicle valve of Spinuliplica 
noy. showing the form of the umbonal spinulosa gen. et sp. nov. showing 
callus and the median septum, together the form of the umbonal callus and 

with the shape of the delthyrial cavity. the median septum, together with the 

The anterior third of each shell is partly shape of the delthyrial cavity. « 1.a, 

reconstructed. x1. a, umbonal callus; umbonal callus; b, median septum. 


b, median septum. 


Spinuliplica spinulosa sp. nov. 
| Plate 53, figs. 1-8 


| Holotype. F.4922; paratypes F.4923—F.4928a from beds below the main Levipustula bed near 019840, 
jand F.4934a-p from near 018859. 


Description. Shell slightly wider than long at adult stage, and hinge-line less than 
jmaximum width of shell at all growth stages; young forms with rather well-rounded 
‘cardinal extremities, but adults show a slight tendency to become subrectangular; 
cardinal area of moderate height and strongly concave; sinus twice to three times width 
‘of bordering plicae, and contains a median plication which does not quite reach the 
‘umbo; on some specimens this plication fades away on anterior part of sinus, which then 
‘becomes flat bottomed; lateral slopes well rounded and carry six or seven well-rounded 
|plicae separated by furrows of similar size and shape. 

| Brachial valve flatter than pedicle; umbo rather prominent; fold not very high and 
‘carries a distinct median furrow almost to umbo. 

Surface of both valves crossed by very fine, delicate growth-lines and coarse irregularly 
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spaced growth halts, closer together towards front of shell; very fine, hollow, irregularly | 


spaced spines cover surface, both on and between plicae, and in sinus; spines derived 


from anterior edges of elongate bases which gradually increase in height forwards; spine | 


bases range up to 1 mm. in length, and adjacent ones about 0-1-0-4 mm. apart, spines 
probably no more than 2 mm. long. 


Dental lamellae thick and supported on short thick wedge-shaped adminicula which | 
diverge along margins of sinus; median septum very powerful, broadly based on floor | 


of valve, and usually arises abruptly from diductor field, though sometimes with a 
gradual change of slope at its base; septum in transverse section irregularly triangular, 


though occasional specimens show a vertically walled lower portion capped by a tri- | 


angular crest; maximum height of septum at a distance of 3-5 mm. from its anterior 


edge, towards which it then falls away on a concave slope; umbonal cavities relatively | 


unthickened. 


Crural plates thick, with their inner edges curved around and buried in callus support- | 


ing cardinal process; in some specimens crural plates unite with the outer wall of 


the valve to form septum-like structures; very weak myophragm; adductor scars as in 


Liriplica. 

Remarks. There is some variation within this species at different localities within the 
formation. Particularly noticeable is the variation in the thickening of the pedicle umbo 
and the umbonal cavities, though even the most thickened individuals never approach 
the form of Liriplica. 

The spines are preserved as moulds in mudstone and are pressed fairly closely to the 
shell. They are not completely tubular, but appear to be more or less cylindrical with 
a slit along the face adjacent to the shell. Some individuals appear to be tubular imme- 
diately adjacent to the shell wall but then split distally. 


The species is widely distributed in both sandy and muddy facies, but has not been | 


found in the Liriplica bed at the top of the fossiliferous section. 


Genus PUNCTOSPIRIFER North 1920 
Type species P. scabricosta North from the Lower Carboniferous of England. 
? Punctospirifer sp. 
Plate 53, fig. 19 
Material. F.4866; from beds below the main Levipustula bed near 019840. 


Description. Shell transverse, length about two-thirds width; cardinal extremities 
rounded in earliest stages, then acute, then mucronate, and finally acute again; pedicle 


| 


umbo of moderate height, pointed and apparently only slightly incurved; sinus with a | 
rounded to slightly flattened base; lateral slopes each with five strong rounded plicae, | 


separated by sharp, subrounded interspaces; lamellae very strong and imbricating; fine 
radial lirae over whole surface. 


Remarks. Only one specimen of this species has been found. It consists of an external 
mould of the pedicle valve and the internal mould of part of the corresponding brachial 
valve. The margins of the pedicle valve have been destroyed, but the form of the cardinal 


extremity has been preserved in the brachial valve. The external mould is covered with: 
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small pustules which are, no doubt, the infillings of the punctae from the outside. 
Between these, and on the small areas where they are not developed, the surface is very 


_ delicately lirate. 


I am referring this form to Punctospirifer because of its form and the details of its 
surface ornament. However, it differs from the type species in its fewer plications, and 
the relatively smaller sinus. Definite assignment to a genus is not possible without 
knowledge of the internal structures. 


Subfamily SYRINGOTHYRINAE Schuchert and Le Vene 1929 
Genus SYRINGOTHYRIS Winchell 1863 


Type species Syringothyris typa Winchell, Lower Mississippian Burlington Limestone, Burlington, 
Towa. 


Remarks. There is some doubt as to the correctness of this generic assignment for the 
following reasons. (1) The sinus has furrows developed on its lateral parts. (2) The 
cardinal area of the pedicle valve appears to be vertically striated over its entire width. 
(3) The postero-lateral adductor scars are distinctly bifid. (4) The apical part of the 
syrinx is joined to the floor of the valve by a short ‘euseptoid’. In this feature it resembles 
Septosyringothyris Vandercammen, but the other characters prevent it being placed 
in that genus. 

? Syringothyris bifida sp. nov. 

Plate 62, figs. 1-9, and Plate 63, fig. 5 


Holotype. F.4917aA; paratypes F.4909-F.49144-k, F.4915E-G, and F.4916a, from the Isaacs Formation 
near 987823. 


Description. Shell very transverse, being c. 1:75 times wider than long in adults 
though beyond a certain stage there is a marked allometric increase in length with 
respect to width; cardinal extremities subangular; apical angle varies from about 
130° to 140°. 

Length of cardinal area of pedicle valve between one-third and one-half of the total 
length of the shell; area gently and evenly concave over its entire length, in lateral profile 
forming a quadrant of a circle; delthyrial angle about 40°-45°; cardinal area appears 
to be vertically striated over its whole width, though the preservation is such that it is 
impossible to be certain of this; sinal angle from 16° to 35°; diverging from the margins 
of the sinus at a low angle are two shallow furrows which extend to the anterior margin, 


- the first arising c. 5 mm. from the umbo and the second c. 10 mm.; lateral slopes 


with from sixteen to eighteen simple, low, rounded plicae, separated by furrows 
narrower and more angular than themselves. 

Brachial valve only moderately convex; cardinal area 3-4 mm. high in valves 25 mm. 
long, and 5-6 mm. high in 45 mm.; fold high, with rather flat flanks, rounded crest 
posteriorly, and slightly furrowed medially over most of its length; lateral parts of flanks 


occasionally showing a single faint furrow. 


Surface of both valves, except for cardinal areas, covered with very fine elongate 
depressions, varying in length from 0-1-0-7 mm., and also varying in density; shell 
substance punctate, but density of punctae unknown. 

Dental lamellae stout, but shallow, e.g. in specimens with cardinal areas c. 20 mm. 
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high, maximum depth of the dental lamellae (near their mid-length) is only c. 4 mm.; 
adminicula short, very strongly thickened, very widely divergent, and largely embraced 
in the extensive umbonal thickening; solid transverse plate closes only posterior 
third of delthyrium, in some cases a little more; outer surface of plate convex, and in 
most specimens with a low, rounded to angular, median ridge; well-developed syrinx 
with diameter of up to 6 mm. and length of up to 15 mm. measured from the tip of 
the umbo, though in most specimens diameter c. 3 mm. and length c. 10 mm.; syrinx 


projects well beyond edge of transverse plate, and split on its ventral face; inner sur- | 


face of syrinx connected to floor of valve by a stout euseptoid; muscle field very large 
ty ey 


TEXT-FIG. 5. Three sections across the pedicle umbo of Syringo- 
thyris bifida sp. nov. showing the relation of the syrinx to the 
septum. The specimen, F.4913, is partly in the form of a 
mould and the external surface of the shell has been recon- 
structed. The intervals are approximately 3 mm. and 2 mm. 


: TEXT-FIG. 6. Reconstructed 
respectively. <1. 


lateral profile of Syringo- 
thyris bifida sp. nov. X 1. 


and circumscribed by a low ridge increasing in height with age; adductor scars smooth, 


canoe-shaped in outline, and bounded by a very low, narrow, sharp ridge; posterior | 
extremity of adductors situated c. 5-9 mm. in front of posterior edge of diductors, | 


and their anterior extremity at or up to 3 mm. behind the edge of the field; broad 
diductor scars invariably exhibit a very delicate arrangement of ribbing, with pattern 
as follows: on anterior two-thirds ribs run anteriorly and antero-laterally, and on 
posterior third, separated by a sharp break in direction of ribs, they run laterally, or 
laterally towards the front and postero-laterally towards the rear; coarse genital pits on 


| 
q 


} 


| 


inside of cardinal area, beside muscle field, and occasionally forward of cardinal ridges. _ 
Large callus immediately beneath the umbo of brachial valve bearing large deeply — 
striate cardinal process 5—6 mm. broad and 2-3 mm. long in adults; crural plates broad | 


and lying at a low angle to the general plane of the cardinal area, and with their posterior 
portions incorporated in the umbonal callus; ventral faces of crural plates slightly 
excavate and with their inner edges deflected ventrally; socket plates slightly thickened, 
and form a low rounded ridge where they attach to the shell wall forward of the hinge- 
line; no material preserving brachidia available; central pair of adductor scars situated 
with its posterior edge 15-20 mm. from umbo (measured around the curvature of the 
shell, in valves 40-SO mm. long), and scars themselves c. 23 mm. long; outline 
elongate oval, expanding slightly forwards, and situated on crest and flanks of fold; 


postero-lateral scars sharply bifid, reaching to within 3-7 mm. of anterior edge of | 
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central pair, with their outer edges curving backwards in a broad arc, extending laterally 
on to the second costa lateral to the fold, and posteriorly to within 3-6 mm. of edge of 
umbonal callus; division in these scars 8-10 mm. from their posterior edges; straight 
inner segments run backwards along depressions bounding fold, and adjacent to central 
pair of scars; all scars slightly impressed, the degree of impression increasing posteriorly; 
very low myophragm flattens out into umbonal callus, or stops short of it; numerous 
fine, radial markings at anterior edge of fold. 


Remarks. Sections from a testiferous specimen show structures very closely comparable 
with those figured by Amos (1957) for Septosyringothyris aff keideli Harrington both as 
regards the ‘euseptoid’ and the syrinx. In my internal moulds the ‘euseptoid’ varies 
considerably in strength, in some being virtually absent. This is no doubt due to the 
excessive deposition of callus around it. S. bifida differs in the form of the cardinal area 
of the pedicle valve, the more numerous lateral plicae, and the presence of furrows in the 
sinus. Amos (pers. comm.) informs me that his specimens are decorticated and that this 
may account for the apparent smoothness of the sinus. In 1958 the same author figured 
two poorly preserved specimens from the upper (Moscovian?) part of the Sistema de 
Tepuel as S. keideli. 

The types of S. keideli compare very well with S. bifida in general form, size and 
disposition of the pedicle cardinal area and ornament. Further, Harrington has noted. 
‘faint longitudinal rounded striae marking the surface of the sinus’, in the only specimen 
in which the outer shell layers are preserved. The chief difference is the smaller number 
of plicae on the lateral slopes of S. bifida. 

Specimens from the Moscovian part of the Agglomeratic Slate of Kashmir referred 
by Bion (1928) to Syringothyris lydekkeri (Diener) have a very similar form to this new 
species, and there is a similar arrangement of the dental lamellae and adminicula, but 
there appears to be no ‘euseptoid’ in the pedicle valve. Other critical details are wanting. 
It is interesting to notice that the pedicle cardinal area of the same species figured by 
Diener (1915, pl. 4, fig. 4) from the Fenestella Shales—a slightly earlier formation— 
seems to be vertically striated over its whole surface. 

I can find no reference to comparable species from Europe or North America. 


Superfamily ROSTROSPIRACEA Schuchert and Le Vene 1929 
Family ATHYRIDAE Davidson 1884 
Genus COMPOSITA Brown 1849 


Type species Spirifer ambiguus Sowerby, Lower Carboniferous, England. 


Remarks. This genus has been discussed previously by the author (1953, p. 15) in con- 
nexion with its differentiation from Spirigerella Waagen. As stated there, Grabau (1932) 
claims that Spirigerella has a large cardinal process which projects into the umbo 
of the pedicle valve, but no such structure is present in Composita. If this is a reliable 
basis for distinction, then the new species here described is clearly a Composita since 
no cardinal ‘process’ is developed at all, the diductor muscles being attached to the 
cardinal plate. 

So far as I am aware this genus has not been recorded as such from the Carboniferous 
of eastern Australia, but Benson and Dun (1920) have referred specimens from the 
Tournaisian at Babbinboon to Seminula subtilita (Hall), which is a species of Composita. 
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However, these specimens appear to be incorrectly assigned. The incoming of this genus 
may prove to be a useful indicator in the Carboniferous of New South Wales and 


Queensland. eer 
Composita magnicarina sp. Nov. 


Plate 55, figs. 1-8 
Holotype. F.5276; paratypes F.5277-F.5278; from the Booral Formation near 018859. 


Description. Shell of small to average size for the genus; width from two-thirds to four- 
fifths of the length; maximum width at two-thirds the length from the umbo; postero- 
lateral margins very gently curved to the point of maximum width and the anterior out- 
line approaches a semicircular form; valves subequally convex. 

Pedicle umbo gently incurved over its brachial counterpart, with its apex occupied | 
by a small foramen c. 1-5 mm. in lateral diameter; foramen not complete but opens 
into the broad, open delthyrium; median sinus variable, ranging from virtually absent 
to a shallow rounded depression which originates variously at points between the 
middle of the valve and 2 to 3 mm. in front of the umbo; many specimens with only 
a mesial flattening; commissure only gently plicate, the fold being of the order of 2 to 
4 mm. in height in adults; lateral slopes gently rounded. 

Umbo of brachial valve high and acute and fits right into the delthyrium; valve either 
gently rounded or slightly flattened medially; surface of both valves crossed only by 
very fine, rather regular lines of growth. 

Dental lamellae strong and reach one-third the total length of the valve, their inner 
surfaces distinctly concave and they thicken greatly towards the teeth; along floor of — 
valve dental lamellae almost straight or only slightly divergent; almost whole floor of. 
delthyrial cavity as far forward as anterior edge of dental lamellae occupied by a very 
finely concentrically striated pedicle muscle scar; adductor scars elongate cordate in | 
outline and occupy one-half to two-thirds of total length, and one-third to one-half of | 
total width, of muscle field; outer edges of diductor scars diverge slightly forwards for 
a little more than half their length and then converge to give a bluntly rounded anterior 
termination; posterior edges of diductor scars lie between tips of dental lamellae or just 
anterior to them. 

Hinge-plate thick, its length from the umbo being one-fifth of the total length of the 
valve, and directed antero-ventrally; crural bases form low ridges just within the inner 
socket ridges; centre of plate forming a shallow trough with a low axial fold; apex of | 
plate in juveniles with a small foramen which sometimes remains open and sometimes 
is closed by a callus in adults; largest foramen observed 1-7 mm. in length; diductor 
attachments a pair of slightly flattened areas one on each side of foramen; strong broad- 
based and sharp-crested median ridge arises just in front of umbonal opening, reaches 
its maximum height and width within 5 mm., and then usually tapers gradually to middle 
of valve; in some specimens, however, decrease in size not gradual but sharp, either 
where the septum enters the adductor field or where it reaches the rear end of the 
anterior pair of scars; median ridge never supports hinge-plate; adductor scars situated 
in a narrow shallow depression on either side of median ridge; posterior pair usually 
well impressed at rear edge which is situated 3 to 4 mm. from the tip of the umbo in 
adults, but it is usually very difficult to distinguish sharply between posterior and . 
anterior pairs; when distinguishable, pairs are of about the same length; usually anterior 
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and posterior scars approximately equal in width, but sometimes posterior pair up to 
twice the width of the anterior, and sometimes anterior pair slightly the wider; front 
edge of muscle field tapers to an acute termination from which a pair of short pallial 
trunks is derived; posterior portion of valves sometimes with a few small, radially 
elongate genital pits; jugum not observed; about twelve volutions in each spire, the 
coiling being of the normal type for the genus (see Kozlowski 1914). 


Remarks. This species occurs at almost all localities, and on several levels, in the Booral 
Formation. It is most abundant, however, on the lower horizons. The specimens from 
the finer sediments to the south of the highway are much larger in size and more variable 
internally than those from the type locality, and, in addition, they have some distinctive 
features. The dental lamellae are usually slightly longer, being somewhat more than one- 
third of the total length of the valve. The hinge-plate is usually more strongly thickened, 
and in some specimens it becomes ponderous. The median carina is often very broad 
and high and occasionally it supports the hinge-plate for a short distance beneath the 
umbo, but other specimens have exceptionally weak carinae. It is probable that the 
forms from the two types of sediment are phenotypic variants. 


Composita sp. 
Material. F.4979-F.4984 from the Isaacs Formation near 987823. 


Remarks. These specimens are rather badly distorted, but sufficient details can be 
determined to separate them from C. magnicarina. They are more transverse in outline, 
have thinner shell material, and usually have a very weak median keel in the brachial 
valve. 


Suborder TEREBRATULOIDEA Muir-Wood 1955 
Superfamily TEREBRATULACEA Waagen 1883 
Family DIELASMATIDAE Schuchert and Le Vene 1929 
Subfamily? CRYPTONELLINAE Thomson 1926, emend. Cloud 1942 
Genus BOORALIA gen. nov. 


Type species Booralia ovata sp. noy. from the Booral Formation. 


Diagnosis. Dielasmatids with ovate outline, and rectimarginate to slightly sinuate 
commissure; deltidial plates large and conjunct; cardinal ‘process’ flattened or more 
commonly bearing a globular median eminence; cardinal plate deeply concave and 
perforate; crural bases low; loop unknown; dental lamellae long; pedicle collar on dorsal 
side only, where it is buttressed against the deltidial plates by a short septum; foramen 
of moderate size, mesothyrid to submesothyrid; muscle scars of pedicle valve poorly 
defined, and adductor scars of brachial valve club-shaped; two pairs of divergent pallial 
trunks in each valve; punctae twenty to forty per sq. mm., and are c. 0:02-0:03 mm. in 
diameter in the inner shell layer. 


Remarks. In the absence of any knowledge of the loop, it is difficult to know whether 
this genus is a cryptonellinid or a cranaeninid. From a stratigraphic point of view the 
latter appears to be the more likely, since members of that subfamily range up to 
the top of the Mississippian, whereas those of the former are probably restricted to the 
Devonian, though Cloud suggests that the Pennsylvanian Cryptacanthia may possibly 
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be a cryptonellid. However, from a morphological point of view Booralia seems to be 
closer to Cryptonella than Cranaena in its relatively long suberect to nearly straight beak, 
and its mesothyrid to submesothyrid attrite foramen. A further point of similarity is in 
the pattern of pallial trunks in the brachial valve. Cloud (1942, pl. 24, fig. 27) has figured 
pedicle and brachial interiors of a Craenaena or a Hamburgia which show the pallial 
pattern of the subfamily. In the brachial valve there appear to be four large straight. 
trunks on either side of the mid-line. Cloud’s description of the trunks in Cryptonella 
fits the pattern in Booralia. 

Booralia is distinguished from all other members of both subfamilies by the presence 
of the long dorsally placed pedicle collar which is attached to the deltidial plates, and 
by the distant irregular spacing of the punctae. 


Booralia ovata sp. nov. 
Plate 55, figs. 9-16 


Holotype. F.4892c; and paratypes F.4888-F.48914, F.4893r-G, and F.4895c-L, from the Liriplica 
bed near 019840; paratypes F.4896-F.4901 from sandy bed near 018859. 


Description. Pedicle valve moderately convex in longitudinal, and highly arched in 
anterior profile; outline elongate with umbonal angle between 80° and 90°; maximum 
width just forward of umbonal ridges; outline of anterior well rounded; umbo suberect 
to nearly straight; cardinal margin terebratulid; foramen of moderate size—c. 2 mm. 
across in specimens 30-40 mm. long—and mesothyrid to submesothyrid; foramen 
margin attrite; umbonal ridges subangular; surface smooth, without a sinus; com- 
missure either rectimarginate or slightly sinuate; deltidial plates large and conjunct. 

Brachial valve flatter than pedicle; umbo high and blunt; no fold; surface smooth. 

Dental lamellae strong, about one-third the length of the valve, strongly concave 
toward each other in transverse sections, straight along the floor of the valve or slightly 
incurved at their anterior tips; shell substance within delthyrial cavity slightly thickened, 
the anterior edge of the thickening forming a slight, arcuate ridge between the tips of 
the dental lamellae; pedicle adjustor scar in delthyrial cavity; adductor scars very 
poorly defined; relatively small lateral pair subovate and lying within strong pallial 
trunks diverging from the inner anterior edges of the dental lamellae; median pair of 
adductor scars not observed; lateral pallial trunks diverge from outside dental lamellae; 
pedicle collar developed on dorsal side only where it forms a sheath inside the del- 
thyrium; collar and deltidial plates joined by a short septal plate. 


EXPLANATION OF PLATE 54 
All figures natural size, and of rubber casts unless otherwise stated. 

Figs. 1-3. Phricodothyris booralensis Campbell. 1, 3, Interior and exterior of brachial valve, F.4902a-8. 
2, Internal mould of pedicle valve, F.4903a, neotype. 

Figs. 4-11. Phricodothyris immensa sp. nov. 4a-b, Exterior and interior of pedicle valve, F.4939A-B, 
x 4:5, showing fringe of spines. 5, Interior of pedicle valve, F.4918. 6, Exterior of pedicle valve, 
F.491 5p. 7, Exterior of small brachial valve, F.4914c. 8, Slightly oblique view of interior of posterior 
part of pedicle valve showing septum joined to ridges on inner faces of dental lamellae, F.4919. 
9, Part of exterior of pedicle valve showing faint plication of surface, F.4914F. 10a, Internal mould 


of pedicle valve, destroyed by fire. 105, Rubber cast of part of same showing denticle grooves on car- 
dinal area. 11, Interior of brachial valve, F.4917c, holotype. 
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Cardinal plate short, free, perforate and deeply concave, its anterior edge concave 
forwards; crural bases distinct, sharp and running well back on to the plate; sockets 
large and socket plates short, very robust and joined to the outer wall of the shell by 
massive callus deposits making the posterior part of the shell very solid; myophores 
form flattened areas immediately forward of the umbo, or more frequently situated on 
a globular eminence sometimes of considerable size; two strong, broad, parallel 


\ &, 
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TEXT-FIG. 7. Two semi-diagrammatic sections across the umbonal region of Booralia ovata gen. et sp. 
nov., drawn from F.4901, an internal mould approximately 25 mm. long, the sections being taken 
4 mm. apart. x5. a, pedicle collar; b, septum joining pedicle collar to deltidial plates. 


ridges, separated only by a narrow furrow, proceed from under the cardinal plate to a 
point about one-third the length of the valve from the umbo, and then diverge, making 
angles c. 25° with each other, presumably marking sites of pallial trunks; lateral 
trunks slightly concave towards mid-line, and diverging from central pair near edge of 
cardinal plate; adductor scars club-shaped, depressed, situated between median ridges 
and lateral pallial trunks, though usually partially encroaching on the former to a 
variable degree; lateral and central adductor scars not clearly differentiated; anterior 
edge of scars at or just on either side of separation of central pallial trunks. 


Remarks. The specimens from the crinoidal bed (Liriplica bed) are large and have well- 
impressed internal structures, but most of them are fragmentary. Those from the sandy 
beds are very much smaller (? younger) and do not show the internal structures well, 
though they are sometimes preserved as complete internal and external moulds. I have 
considered the possibility that the two forms are distinct species, but for the present 
consider them to be phenotypic variants. 

The cardinal process is a very variable structure. Almost all the large well-preserved 
specimens have the pronounced boss in the middle of the face of the cardinal process, 
but the smaller specimens from the sandy beds do not. However, there is no boss in one 
of the largest specimens, and so apparently age is not the controlling factor. 
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The median ridges on the posterior third of the brachial valve are clearly not pallial 
trunks, but the central pair of trunks is always derived from their anterior edges. | 


Suborder RHYNCHONELLOIDEA Moore 1952 
Superfamily RHYNCHONELLACEA Schuchert 1896 
Family CAMAROTOECHIDAE Schuchert and Le Vene 1929 
Genus LISSELLA gen. nov. 


Type species Lissella booralensis sp. nov., Booral Formation. 


Diagnosis. Small, impunctate rhynchonelliform shells with smooth umbones; lateral 
slopes developing a small number of rounded plicae toward the front of the shell; 
median sinus and fold well developed and carrying few plicae; dental lamellae fine and 
short; hinge-plate robust, with a distinct median ridge on its ventral surface, and strong 
flanges on its dorsal surface giving rise to the crurae; median septum high and long, 
but never supporting the hinge-plate at any stage; small perforation in hinge-plate 
immediately in front of umbo; muscle scars in the brachial valve complex, consisting 
of four distinct pairs; teeth and sockets not denticulate. 


Remarks. This genus bears obvious resemblances to Wellerella Dunbar and Condra in 
its size, shape, ornament, dental lamellae, undivided hinge-plate with its ventral median 
ridge and its dorsally placed crural bases. However, according to Dunbar and Condra 
‘The apical part of the hinge-plate (of Wellerella) is supported by a very short simple 
median septum’, whereas Lissella has a long, high septum which does not support the 
hinge-plate at any stage, and the hinge-plate has a small apical perforation. Certain 
species from the Permian ascribed by Stehli (1954) to Wellerella have in the brachial © 


EXPLANATION OF PLATE 55 
All figures are natural size unless otherwise stated. 

Figs. 1-8. Composita magnicarina sp. noy. 1, Dorsal view of internal mould, F.5277. 2a—b, Ventral and 
dorsal views of internal mould, F.5278. 3a—b, Ventral and dorsal views of internal mould, F.5276, 
holotype. In 3d, the infilling of the brachial umbonal cavity has been cut away. 4, Brachial valve, 
internal mould, F.5300. 5, Umbonal part of internal mould of pedicle valve showing transversely 
striated umbonal cavity and adductor and diductor scars, F.5301. 6a, Rubber cast of interior of 
brachial valve showing hinge-plate and unusual myophores, F.5302. 6b, Same, x 2. 7, Rubber cast 
of interior of brachial valve showing hinge-plate and socket, F.5303, x2. Slightly oblique view. 
8, Rubber cast of exterior, showing foramen, F.4934r, x 2. 

Figs. 9-16. Booralia ovata sp. nov. 9, Internal mould of pedicle valve with front part destroyed, F.4895a. — 
10-13, Rubber casts of interiors of umbonal parts of brachial valves, F.4893F, F.4889, F.4892c, and 
F.4895H. Note presence of boss on cardinal ‘process’ in all except fig. 11. 14, Internal mould of 
pedicle valve with infillings of umbonal cavities broken away, F.4888. 15, Dorsal view of rubber 
cast of exterior, F.4889p, x 1-7. 16, Dorsal view of internal mould with umbonal infilling cut away 
to expose cardinal ‘process’ and crural trough. Note crural base on left-hand side; strongly developed 
deh not on dorsal side; and short septum connecting the pedicle collar to the deltidial plates, 

d Ree 

Figs. 17-23. Alispirifer laminosus sp. nov. 17, Internal mould of pedicle valve, destroyed by fire. 18a—b, 
Rubber casts of exterior and interior of brachial valves, F.4945B and F.4941. 19, Rubber cast of 
exterior, F.4940a. 20, Rubber cast of pedicle interior, F.4938r. 21, Rubber cast of pedicle exterior, 
F.4940p. 22, Rubber cast showing details of surface ornament, F.4938a, x 7. 23, Rubber cast of 


interior of pedicle valve, F.4938B, holotype. Note denticulation of hinge-line, delicate tracery of 
vascula genitalia, and large callus boss in delthyrium. 
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valve variable septa which support the hinge-plate for greater or lesser distances. The 
same author (1955) has commented on and illustrated Permian specimens of Wellerella? 
with very long brachial median septa, and denticulate teeth and sockets. Further, the 
adductor scars of the brachial valve of the Permian specimens have a very unusual and 
distinctive arrangement. If these characters, which at present are not known in the 
genotype, are eventually proved to occur in it, they will provide further satisfactory 
means of distinguishing it from Lissella. 

In Leiorhynchus the median septum of the brachial valve supports the hinge-plate in 
the umbo, and a small crural cavity is present. Further, the sockets are denticulate, 
and the adductor scars of the brachial valve are somewhat differently placed, and hence 
these specimens seem to belong to an entirely different stock. 


Lissella booralensis sp. nov. 
Plate 56, figs. 3-9 


_ Holotype. F.5262; paratypes F.5263—F.5265 from the Booral Formation at 018859, and F.5268—F.5269 


from the beds above the main Levipustula bed near 019840. 


Description. Shell small, the largest one observed being only 16 mm. long; pedicle valve 
rather strongly convex near the umbo, but in general tends to be gently convex; postero- 


o 
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TEXT-FIG. 8. Transverse sections across the brachial TEXT-FIG. 9. Camera lucida drawing of the muscle 
valve of Lissella booralensis gen. et sp.nov.;semi- scars in the brachial valve of Lissella booralensis 


_ diagrammatic, and reconstructed from sections of gen. et sp. nov. x3. 


several internal moulds. x 3. 


lateral margins straight, and pass into a broadly rounded anterior; on anterior half to 
two-thirds of shell is a broad, rather shallow sinus, produced into a high tongue; um- 
bonal region of lateral slopes smooth, but two or rarely three low rounded to subangular 
plicae (including the one bordering the sinus) developed anteriorly; median portion of 
sinus occupied by two, rarely one or three, rounded plicae not extending to umbo; 
deltidial plates narrow and short; foramen well rounded and relatively large. 

Brachial valve strongly convex; lateral slopes steep; fold flat on top; plication in 
commissure high; usually three, sometimes two or four, rounded plicae on fold. 

Pedicle valve with very delicate dental lamellae concave toward each other in trans- 
verse section and slightly divergent along the floor of the valve; lamellae extend one-sixth 
to one-quarter of total length of valve; arrangement of muscle scars unknown. 

Brachial valve with a strong undivided hinge-plate with a minute perforation 
immediately in front of umbo; mid-line of hinge-plate with a low blunt ridge rising 
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gradually from the posterior and terminating much more abruptly anteriorly; crural 
bases strong, rather sharp, and situated on dorsal surface of hinge-plate; very strong 
median septum extends approximately half the length of the valve; septum never 
supports hinge-plate, though it comes very close to its dorsal face ; near umbo septum 
very low and rounded but rapidly increases in height before reaching anterior edge of 
hinge-plate, maintains this height for some distance, and then gradually tapers to its | 
anterior tip; muscle scars rarely visible, but on one specimen they are beautifully pre- 
served (see text-fig. 9); socket plates strong; sockets not denticulate. 


Remarks. This species occurs in considerable numbers on certain horizons of the Booral 
Formation but specimens are almost always grossly distorted. However, the sandy bed 
near 018859 has a large number of specimens well preserved as moulds. The specimens 
from the two types of sediment differ in that those from the mudstone usually have 
three to four plicae on the fold, and those from the sandstone have two to three. 

The material is not well enough preserved to prepare accurate serial sections, but the 
internal moulds show the characters of the septum and hinge-plate very well. 


Order CRYPTOSTOMATA Vine 1883 
Family RHABDOMESIDAE Vine 1883 
Genus RHOMBOPORA Meek 1872 


Type species R. lepidodendroides Meek, Permian, America. 


Remarks. These specimens are all preserved as moulds which are oval in cross-section, 
and at first it was thought that they had a similar cross-section to that of Ottoseetaxis. 
Mr. G. Fleming of the University of Queensland has shown me specimens from the | 


EXPLANATION OF PLATE 56 


All figures are of rubber casts and are at natural size unless otherwise stated. 

Fig. 1. Fenestella stroudensis sp. nov. 1a, Obverse surface, F.4704B, holotype, x 2-6. 1b, Same, x 6:3. 
1c, Reverse surface, F.4704c, x 6. 

Fig. 2. ? Pentremites sp. Isolated plate F.4714c, x 2. 

Figs. 3-9. Lissella booralensis sp. nov. 3a-b, Ventral and dorsal views of internal mould, F.5264. 
4, Anterior view of internal mould, F.5263. 5, Ventral view of internal mould, F.5265. 6a—c, Ventral 
and dorsal views of internal mould, F.5262, holotype; 6c, x 2. 7-8, Postero-dorsal views of internal 
moulds, F.5269, F.5268, x 2. Both show dental lamellae, dorsal median septum, and the separation 
of the septum from the hinge-plate. Fig. 8 also shows the pair of thickened ridges diverging from the 
septum beneath the hinge-plate. 9, Internal mould of brachial valve showing weakly impressed . 
muscle scars; destroyed by fire, x 2. 

Figs. 10-17. Peruvispira kuttungensis sp. nov. 10, 13-16, Views of several specimens destroyed by fire, 
all x 2. Note the parietal lips in 15 and 16. 11-12, 17, F.4935a, F.4935, and F.4937. Holotype F.4935, 
aon 

Figs. 18-30. Levipustula levis Maxwell. 18-20, Exteriors of three brachial valves showing form of 
cardinal process and fine external spines. Note large spines from ears of pedicle valve in Fig. 18. 
F.4949a, F.4933a, x 4and F.4954a, x 2. 21-24, Interiors of four brachial valves showing the variation 
in the area immediately in front of the cardinal process, and in the adductor scars. The brachial 
ridges in Fig. 24 are unusually well developed and the cardinal process is broken. F.4953, F.4957B, 
F.4952, and F.5304; all except Fig. 23 are x2. 25-26, Internal moulds of pedicle valves viewed 
ventrally, F.4966 and F.4963. 27, 28, 30, Views of parts of external surfaces of pedicle valves, 
showing spine arrangements on body of valve and on ears. F.4977b, F.4957a both x 2, and Fig. 30 
destroyed by fire. 29, Lateral view of internal mould of pedicle valve, F.4969. 
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_Neerkol Series with similar surface characters but which are preserved solid and have 
a circular cross-section. 

The species is only doubtfully referred to Rhombopora since there is no differentiation 
of the acanthopores into a single megacanthopore at the distal edge of each aperture 
and micracanthopores elsewhere. It may possibly be allied to Megacanthopora Moore. 


ss 


? Rhombopora bifurcata sp. nov. 


Plate 60, figs. 5-7 


Holotype. F.4706c; paratypes F.5249a-z and F.4714B from beds below the main Leyvipustula bed; 
F.4737c-£ associated with Alispirifer bed above main Levipustula bed. 


—— 


Description. Narrow zoarium of short branches almost uniform in width; probably 
circular in transverse section though all specimens squashed; zoarial width ranges from 
0-8 to 1-5 mm.; no proximal portions of zoaria observed; the largest preserved specimen 
c. 20 mm. long consisting of a colony twice dividing symmetrically into two equal 
branches similar in width to the parent; apertures situated within elongate regularly 
arranged rhombic depressions in the surface; rhombs outlined by rather sharp ridges 
formed from edge of zooecial walls; length of rhombs varies from 0-5 to 0-9 mm. (though 
most lie between 0-6 and 0-8 mm.) and width from 0-2 to 0:3 mm.; aperture sometimes 
clearly defined by a distinct break of slope, but often vestibule merges imperceptibly 
into inner wall; apertures vary considerably in outline, some being simply oval, a few 
tending to be circular, and others elongate and pointed distally but rounded proxi- 
mately; apertural lengths, where measurable, vary between 0-15 and 0:25 mm., and 
widths between 0-07 and 0-15 mm.; acanthopores (megacanthopores) common, giving 
rise to stout distally directed spines, and placed one at the distal end of each rhomb 
making four around each aperture, or frequently two near the end of each rhomb and 
odd ones along the sides making up to eight around some apertures ; immature portions 
of zooecia apparently arise from an axis, have thin walls, and appear to be irregularly 
depressed in outline in transverse section; as they approach maturity, zooecia increase 
gradually in diameter and curve rather sharply to mature region where they decrease 
slightly in width to the aperture; no diaphragms or hemisepta; skeletal material in 
mature region dense; apparently no vesicular tissue present anywhere in zoarium. 
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Remarks. Most of the specimens are preserved as moulds, and no material suitable for 
preparing thin sections has been discovered. The internal details have been observed 
either in the moulds or on polished surfaces of partly decomposed specimens. I know 
of no species with which to compare it. 


Family FENESTELLIDAE King 1850 
Genus FENESTELLA Lonsdale 1839 


Type species F. antiqua Lonsdale, Silurian, England. 


Fenestella cerva sp. nov. 


Plate 59, figs. la—c 


Holotype. F.4718; paratypes F.4705G-H and F.47094, all from below the main Levipustula bed near 
019840. 
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Description. Zoarium with 54-6 fenestrules and ten to twelve branches in 10 mm.; 
branching frequent; obverse surface of branches with high sharply defined keel occupy- 
ing up to almost half width of branch; apertures situated in a distinct shallow depression 
on either side of keel; nodes high, oval at base, spaced at intervals of 0:6—1:2 mm. and 
numbering twelve to eighteen per 10 mm.; whole of obverse surface, including keel, 
with very delicate striae on which are very fine pustules of variable strength; reverse 
surface of branches well rounded and finely striate; apertures exsert, surrounded by 
peristomes usually almost circular in outline and often slightly higher proximally 
than distally; apertural diameter 0:12-0:18 mm., and centres of apertures usually 
0:35-0:50 mm. apart with some up to 0:60 mm.; change from two to three rows of 
apertures takes place immediately prior to branching; usually four to five apertures 
per fenestrule, rarely three; dissepiments short—0-1-0-25 mm., either slightly above — 
or below the level of the branches on obverse surface, and delicately striate; on re- 
verse surface dissepiments slightly depressed; junction between branches and dissepi- 
ments angular making for sub-rectangular fenestrules, though some are slightly oval; 
fenestrule length 1-3-2:2 mm., most being 1-5—2:0 mm., and width 0-4-0-8 mm., zooecia 
irregularly subpentagonal in outline on basal plate. 


Remarks. This species is not unlike F. malchi (Crockford) in many respects, but it can be 
distinguished from that form by its slightly longer fenestrules, sharply defined carina, 
and probably also by the peristomes. The latter are not mentioned in Crockford’s 
original description. According to the text (Crockford 1948, p. 422) F. malchi has four, 
rarely three, apertures per fenestrule, but the figure of the type shows four to five. 
Should the former be accurate, then this character is another basis of distinction from 
F. cerva. 
Fenestella stellaris sp. nov. 


Plate 58, figs. 4a—d 
Holotype. F.4716A-8; paratype F.4717; both from below the main Levipustula bed near 019840. 


Description. Rather rapidly branching; ten to twelve fenestrules and fifteen to eighteen 
branches in 10 mm.; obverse surface of branches broadly rounded, reverse surface much 
more sharply rounded; branches 0:20-0:35 mm. wide at middle of fenestrules; number 
of rows of apertures increases to three only 1 mm. or so prior to bifurcation; usually 
two, occasionally three apertures per fenestrule; apertures strongly exsert, surrounded 
by high peristomes, from which arise eight to nine projections which continue down 
inside the peristome as septum-like plates; at base of these plates, aperture crossed by. 


EXPLANATION OF PLATE 57 
All figures are of rubber casts. 

Fig. 1. Fenestella rectangularis (Crockford). 1a, Obverse surface, F.4709B-c, x 4-6. 1b, Enlargement of 
same, x 10. 1c, Reverse surface of same, x 10. Bubbles in the rubber along the keel in 1a—b mark 
the position of the nodes, and in Ic the positions of small pustules shown elsewhere as slightly lighter 
coloured patches. 

Fig. 2. ? Fenestella altinodosa sp. nov. 2a, Obverse surface, F.4708a, holotype, x 5. The white spots 

on the branches mark the positions of the large nodes. 2b, Enlargement of same, x 9. 

Fig. 3. Fenestella anodosa sp. nov. 3a, Obverse surface, F.4700B—c, holotype, x 4:5. 3b, Enlargement 

of another part of same zoarium, x 10. 3c, Reverse surface of same, x 4-5. 
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axially perforated, arched, diaphragm-like plate; diameter of apertures 0:12-0:16 mm.; 
centres of adjacent apertures 0:3 to 0-45 mm. apart; no median keel; large nodes directed 
distally and irregularly arranged on obverse surface—never in a median row; numerous 
subrounded depressed areas irregularly scattered over surface between apertures; aper- 


_ tures never open into depressed areas; fenestrules oval to subrectangular, 0-5-0-8 mm. 


long and 0-3-0-4 mm. wide; dissepiments 0-2-0-25 mm. long; striae on reverse surface 
weak or absent, but surface with large distally directed spines of irregular size and 
distribution, often situated on the branches at their junction with the dissepiments. 


Remarks. The nodes on the obverse surface lie at an unusally low angle to the surface, 
and their arrangement is highly irregular. In some places they are less than 0-5 mm. 
apart, and elsewhere 4 or 5 mm. apart. Occasionally they occur in groups of three 
or four. 

It differs from all other Carboniferous species in its node arrangement and in the 
depressed areas on its surface into which the apertures do not open. 


Fenestella anodosa sp. nov. 


Plate 57, figs. 3a—c 


_ Holotype. F.4700B—-c; paratype F.4701; both from above the main Levipustula bed near 019840. 


Description. Zoarium with 43-54 fenestrules and about twelve branches per 10 mm.; 


_ branches normally 0-3-0:5 mm. wide, expanding to 0-9 mm. prior to bifurcation; keel 


of variable height, but always prominent, and in places tending to be bladed; no nodes; 
branches moderately furrowed on each side of keel; reverse surface broadly rounded, 
striate and without nodes; apertures 0-16—0-22 mm. in diameter and 0-40-0-52 mm. 
apart; peristomes strong; on some parts of the branches are low sharp transverse ridges 
joining the keel to the fenestrules; these ridges variably spaced, but as little as about 
0-25 mm. apart in some areas and completely absent in others; change from two to three 
rows of zooecia takes place from 0-5—3-0 mm. prior to bifurcation, there being two 
strong keels separating the three rows of apertures; four, rarely five, apertures per 
fenestrule; dissepiments 0-1-0-2 mm. long, and on the general level of the branches 
on both the obverse and reverse surfaces; fenestrules subrectangular to suboval, 
1-5—2:1 mm. long and 0:4-0-6 mm. wide; zooecia subpentagonal on the basal plate. 


Remarks. The two main distinguishing features of this species are the sharp keel without 
nodes, and the sharp transverse ridges across the branches. These latter give a very 
knobbled appearance of distinctive type to the moulds. F. cincta (Crockford) has similar 


ridges on the obverse face, but these apparently always surround an aperture, whereas 


on F. anodosa they isolate depressed areas both around and between the apertures. 
F. cincta also has a very much coarser mesh. 


Fenestella crockfordae sp. nov. 
Plate 59, figs. 2a—b 


| Holotype. F.4699a-8; paratypes F.4698 and F.4697a-8; all from above the main Levipustula bed near 
| 019840. 


Description. Zoarium with 3}-4} fenestrules and ten to twelve branches in 10 mm.; 
obverse surface of branches with high, broad, usually well-rounded keel; nodes high, 
B 9425 Gg 
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oval at base, numbering eight to eleven per 10 mm., and situated 1-0-I:5 mm. apart; 
strong depression along branches on either side of keel; whole obverse surface, including 
dissepiments with delicate striae, carrying very fine pustules ; reverse surface well-rounded 
striate, and without nodes; apertures circular to slightly oval and surrounded by strong 
peristomes; apertural diameters 0:16-0:20 mm., and centres of adjacent apertures 0-35— 
0-55 mm. apart; many apertures covered by a centrally perforate plate at base of peri-. 
stome; change from two to three rows of apertures takes place immediately before 
branching; four to six apertures per fenestrule; fenestrules subrectangular in shape 
ranging in length from 2:0-3-2 mm. (most 2:2-2-6 mm.), and in width from 0-5-0:8 mm. ; 
zooecia irregularly subpentagonal on the basal plate. 


Remarks. The mesh structure clearly separates this species from all others so far described 
from the Australian Carboniferous. 


Fenestella stroudensis sp. nov. 
Plate 56, figs. la—c 
Holotype. F.4704a-8; paratype F.4703, both from below the main Levipustula bed near 019840. 


Description. Zoarium with 54 fenestrules and ten to twelve branches in 10 mm.; obverse 
surface with weak, blunt keel, and sometimes keel virtually absent; no nodes; no furrow 
developed lateral to keel; whole surface with strong wavy striae; reverse surface of 
branches broadly rounded, strongly striate, and without nodes; apertures circular to 
slightly oval, 0-16-0-20 mm. in diameter, and with their centres 0-30-0-50 mm. apart; 
peristomes thin and moderately high; change from two to three rows of apertures up to 
3 mm. prior to bifurcation; usually four, rarely five, apertures per fenestrule; dissepi- - 
ments 0:12-0:16 mm. long, generally more or less on a level with the branches on the 
obverse surface, slightly raised or slightly depressed on the reverse; fenestrules.sub- 


rectangular to suboval; fenestrules 1-5—-2-°0 mm. long and 0-4-0-8 mm. wide, occasional 
ones wider. 


Remarks. The low keel and the absence of nodes separates this species from other 
members of the fauna with similar mesh dimensions. 
? Fenestella altinodosa sp. nov. 
Plate 57, figs. 2a—b 
Holotype. F.4708A, from the Booral Formation, below the main Levipustula bed near 019840. 


Description. Rather coarse mesh, with six to seven fenestrules and about twelve branches 
in 10 mm.; fenestrules 1-3-1-8 mm. long and 0:4-0-6 mm. wide; branches 0:4-0:5 mm. 


EXPLANATION OF PLATE 58 
All figures of rubber casts except Fig. 2. 
Figs. 1-2. Polypora septata sp. nov. la-c, Obverse surface of holotype, F.4708p, x 1-5, 10, and 20 
respectively. 2, Mould of obverse surface of F.4734p, x 2:5. 
Fig. 3. Polypora sp. 3a—b, Obverse surface of specimen destroyed by fire, x 1-9 and 5 approximately. 
Fig. 4. Fenestella stellaris sp. nov. 4a-b, Reverse surface of holotype, F.4716a—B, x2 and 4. Note 


numerous rounded nodes. 4c—d, Obverse surface of same, x 4-7 and 10-5. Note large depressions in 
surface of branch between apertures. 
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wide, expanding to 1-0 mm. prior to bifurcation; edges of branches on obverse face 
forming a sharp rim to the fenestrules; surface of branches with strong raised ridges 
usually six in number, but increasing to twelve prior to bifurcation; sometimes median 
ridge slightly stronger than those on either side; ridges very finely pustulose; dissepi- 
ments arched, raised well above the general level of the surface of the branches and 
carrying lateral extensions of the ridges from the branches; nodes very large, circular to 
slightly oval at the base where the diameter is 0:12-0:20 mm., and fluted; nodes some- 
what irregularly spaced at nine to fifteen per 10 mm., and not always situated along the 
mid-line; apertures with strong peristomes, slightly oval in outline and 0:20-0:24 mm. 
in longitudinal diameter; increase from two to three rows of apertures takes place from 
2-4 mm. prior to branching; distance between successive apertures is 0:40-0:50 mm.; 
usually four, occasionally three apertures per fenestrule. 


Remarks. The high nodes clearly distinguish this species. There is no trace of a mesh- 
work such as that characteristic of Hemitrypa, and so far as can be determined at present 
the nodes terminate bluntly. However, the possibility that there are expanded termina- 
tions to the nodes in places has not been ruled out. 

Other odd features of the species are the absence of a clearly defined median carina, 
the development of the nodes from any part of the obverse surface, and the increase 
from two to three rows of apertures on the branches well before bifurcation. Perhaps it 
would be equally well placed in Polypora. 


Fenestella rectangularis (Crockford) 
Plate 57, figs. la—c 
1948 Fenestrellina rectangularis Crockford, p. 425, fig. 7. 


Material. F.4705p-¥, F.47098-c, all from the Booral Formation, below the main Levipustula bed, near 
019840. 


Remarks. This species has not previously been recorded from New South Wales, though 
it is common in Queensland. The specimens agree very well with the original description, 
but their range of variation is slightly wider in some characters. The fenestrules are 0-9- 
1-4 mm. long; the apertures 0-1-0-18 mm. in diameter; the nodes 0-6-0-9 mm. apart, and 
they number fourteen to eighteen per mm. Features not previously noted are the 
presence of numerous nodes of irregular size and spacing on the reverse surface; 
the presence of a shallow furrow in which the apertures are situated, on either side of the 
keel; the keel is variable in height and width, but is always well rounded, and the nodes 
vary in size to a remarkable degree even on the one individual; the whole of the obverse 
face including the keel is very delicately striate and pustulose; the zooecia are sub- 
pentagonal on the basal plate, but are also inclined to be pointed proximally to the 
inclination of the cells to the line of the branches; the change from two to three rows of 
zooecia takes place immediately prior to branching. 


Fenestella sp. cf. rectangularis (Crockford) 


Material. F.4738A—D, F.4740a-B, F.47414-B, F.4743A-8, all from the Isaacs Formation near 987823. 


Remarks. This species has similar mesh dimensions, zooecial and node spacing, and keel 
structure to F. rectangularis, but differs in having no nodes on the reverse surface of the 
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branches, and in the development of a double keei and three rows of zooecia on the 
branches up to 0:5 mm. prior to bifurcation. 


Fenestella malchi (Crockford) 


1948 Fenestrellina malchi Crockford, p. 422, fig. 4. 
Material. F.4739 from the Isaacs Formation near 987823. 


Remarks. This specimen shows all of the characters of this species except that the nodes 
are slightly closer together than normal. 


Fenestella cf. cincta (Crockford) 


Material. F.4697c, F.4700A, F.47158, F.4719, F.4726c-p, from the Booral Formation above the main 
Levipustula bed near 019840. 


Remarks. These specimens have the dimensions and fenestrule shape of the types. The 
keel, however, is very variable in height, being broad and rounded to rather high and 
sharp though it is never clearly defined. The edges of the branches are sometimes slightly 
raised and sharp, so that the zone occupied by the apertures on either side of the keel 
is slightly excavate. Other points of distinction from the types are the slight raising of 
the dissepiments above the general level of the branches on both surfaces, and the 
infrequency with which the depressed areas bounded by thin sharp ridges occur on. 
the obverse face. 

A feature not previously observed is that no increase from two to three rows of zooecia 
takes place prior to bifurcation of the branches. 


Fenestella osbornei (Crockford) 
Plate 59, fig. 3 
1948 Fenestrellina osbornei Crockford, p. 424, fig. 5. 

Material. Numerous specimens from throughout the fossiliferous section except for the Liriplica bed,. 
near 019840. 

Remarks. This is the most common species of Fenestella in the fauna. Its type locality 
is in the Booral Formation near where the bulk of the present collection has been 
obtained. Its variability is much greater than indicated by Crockford, and apparently 


it is one of the species in which the mesh structure changes during the growth of the 
colony. On one individual, fenestrule length changes from 0-55-0-7 mm. at the early 


EXPLANATION OF PLATE 59 
All figures except Fig. 4 are of rubber casts. 


Fig. 1. Fenestella cerva sp. nov. 1a, Part of the obverse surface of F.471 

nie eae .4718, holotype, x 2. 1b-c, Part of 
Fig. 2. Fenestella crockfordae sp. nov. 2a, Obverse surface of F.46994-8, holotype, x2. 2b, Part of 
a of ae ae Ee surface of same, x 10. Note fragment of R. bifurcata in 2a—b 

ig. 3. Fenestella osbornei (Crockford). Part of obverse surf. f well- i 5 

pee ace of well-preserved specimen, F.4702, x7 
Fig. 4. Posidonia sp. Internal mould of badly crushed specimen, F.4039, x 1. 


Fig. 5). Phricodothyris immensa sp. nov. 5a-b, Detail of spine bases, F.4914G and F.4916a, x12 
Fig. 6. Phricodothyris booralensis Campbell. Detail of spine bases, F.4902B, x 12. 


PLATE 59 


Palaeontology, Vol. 4. 


CAMPBELL, Carboniferous fossils 


K. S. W. CAMPBELL: CARBONIFEROUS FOSSILS 461 


Stages to 1-0-1:2 mm. at the later, with a consequent reduction from fourteen to nine 
fenestrules per 10 mm., and a change from two to three apertures per fenestrule. Only 
rarely are there four apertures per fenestrule, though according to the figure of the holo- 
type this is common. The keel though sometimes weak is always distinct, and is variable 
in both width and height. The dissepiments are not always depressed below the level of 
the branches on the obverse surface, and indeed there are some specimens in which they 
are almost all on a level with, or slightly above, the branches. There are no nodes on 
the reverse surface, and the zooecia are subpentagonal to triangular in outline on the 
basal plate. 


Fenestella micropora (Crockford) 
Plate 63, figs. 2a—c 
1948 Fenestrellina micropora Crockford, p. 424, fig. 3. 


Material. F.4741c-p, F.4742a-8, F.4743c—p and numerous small fragments, all from the Isaacs 
Formation near 987823. 


Remarks. My specimens of this species agree almost completely with the description and 
dimensions of the types. One minor difference is in the lengths of the fenestrules and 
dissepiments, the former being slightly shorter (0-4-0-45 mm.) and the latter slightly 
longer (0-06-0-08 mm.) than in the types. Other features not previously noted are the 
sharp edging of all the branches on the obverse surface, the not infrequent arching of the 
dissepiments to the level of the top of the carina, and the subpentagonal to triangular 
outline of the zooecia on the basal plate. 


Genus POLYPORA M‘Coy 1844 
Type species P. dendroides M‘Coy, Lower Carboniferous, Ireland. 


Polypora scalpta sp. nov. 
Plate 60, fig. 11 
Holotype. F.4720a4-8, Booral Formation, above main Levipustula bed near 019840. 


Description. Six to seven fenestrules and eight to ten branches in 10 mm.; branches 
c. 0:7 mm. wide, increasing to 1-1-1-3 mm. prior to bifurcation; fenestrules 0-8—-1-2 mm. 
long and 0-2-1-4 mm. wide; branches flattened on obverse face and carrying four rows 
of apertures, increasing to five just prior to and decreasing to three after bifurcation; 
rows of apertures well defined and separated by well-marked sinuous ridges; each aper- 
ture slightly sunken, but with a narrow sharp peristome; apertures circular to slightly 
oval in outline, and with a longitudinal diameter of 0:20-0:25 mm.; two to three aper- 
tures per fenestrule; centres of adjacent apertures 0:40-0:50 mm. apart; dissepiments 
0-3-1-1 mm. long (most being between 0:5 and 0-8 mm.) and with their surfaces on more 
or less the same level as the branches; no nodes present; zooecia broadly flattened on 
basal plate and irregularly polygonal in outline; branches markedly flattened—about 
0-30 mm. thick where measurable; reverse surface with very weak striae, and carrying 
minute pustules. 


Remarks. P. pustulosa has smaller, more closely spaced apertures which are raised rather 
than depressed, and which are pustulose around the peristome. There are also minor 
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differences in mesh dimensions. P. neerkolensis is comparable in overall dimensions and 
in the large size of the apertures, but it has longer fenestrules, shorter dissepiments, more 
zooecia per fenestrule, and somewhat narrower branches. 

The Permian P. pertinax Laseron, from the Allandale Formation of New South 
Wales, is comparable in size and zooecial count, but differs in the smaller size of its 
apertures and its shorter dissepiments. 


Polypora septata sp. nov. 
Plate 58, figs. 1-2 


Holotype. F.4708p from below the main Levipustula bed: paratypes F.4715c—p and F.4734c-p from 
above and below the main Levipustula bed respectively; near 019840. 


Description. Zoarium with 5-6} fenestrules and nine to thirteen branches per 10 mm.; 
obverse surface of branches broadly rounded and carrying twenty to thirty slightly wavy 
striae along which are rows of pustules; branches 0-3—-0-5 mm. wide where three rows of 
apertures; reverse surface of branches broadly rounded, delicately striate and with 
delicate pustules twenty to twenty-five per mm. along the striae; branching frequent; 
apertures strongly exsert, surrounded by high sharp peristomes; apertures arranged 
in three rows, but increasing to four up to 2 mm. prior to, and decreasing to two up to 
2 mm. subsequent to bifurcation; apertures circular and 0-12-0-16 mm. in diameter; 
centres of adjacent apertures 0:30-0:50 mm. apart; aperture at base of peristome crossed 
by a centrally perforated plate from which arise eight to ten septum-like plates; when 
well developed these plates reach almost to the axis of the aperture leaving a narrow 
central tube, and imparting a markedly stellate appearance; no apertural spines ob- 
served; three to four apertures per fenestrule and four to five per fenestrule and dissepi- 
ment; dissepiments short, normally 0-1-0-3 mm. long, but occasional ones reach 0-6 mm. ; 
on the reverse surface dissepiments on the general level of the branches, but on 
the obverse surface slightly depressed; fenestrules oval to subrectangular, 1-1-1-8 mm. 
long and 0-3-0-7 mm. wide; zooecia more or less rhombic in outline on basal plate. 


Remarks. This species differs from P. tenuirama Crockford in its smaller fenestrules and 
the smaller number of zooecia per fenestrule. P. tenuirama is said to have ‘about nine 
tiny radiating spines around each aperture’, but no mention is made either of a centrally 
perforated diaphragm-like plate or of septa within the peristome. It is possible that the 


EXPLANATION OF PLATE 60 


All photographs are of rubber casts unless otherwise stated. 

Figs. 1-4. Fistulamina frondescens Crockford. 1a—b, Surface of F.47051, <2 and 4 respectively. 
2, jlkae x 2. 3, F.4706a, x 2. 4, F.4728, x6. Note the differently shaped apertures and lunaria 
in 15 and 4. 

Figs. 5-6. ? Rhombopora bifurcata sp. nov. 5a-b, Rubber cast of F.4706c, holotype, x2 and 4:5 
respectively. 6a, b, Original mould of F.4706c, x2 and 5 respectively. 7, Mould of part of the 
surface of F.5249a, x 12. Note the pits left by the acanthopore spines. 

Figs. 8-10. ? Stenocladia enigma sp. nov. 8a, F.4720p, x2, holotype, showing encrustation on a 
crinoid stem with two laminar expansions. 8b, Part of surface of same, X 4. 9, F.4721, x4, small 
fragment showing arrangement of mesopores. 10, F.4720c, x2, laminar expansion. 


Fig. 11. Polypora scalpta sp. nov. 11a, Obverse surface of holotype, F.4720a-B, x2. 11b, Reverse 
surface of same, x5. 11c, Obverse surface of same, x 2. 
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: latter structures have been described as spines. The similarity in general form, and the 
_ size and stellate nature of the apertures, is so great that were it not for the constancy of 
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| the Booral specimens in fenestrule size and zooecial count, I would have had no hesita- 
| 
| 


| tion in placing them in P. tenuirama. 


| Polypora sp. 
Plate 58, figs. 3a—b 


\ Material. Several specimens since destroyed by fire. 


Description. Zoarium with 34-4} fenestrules and seven to eight branches per 10 mm.; 
| branches 0-45-0-8 mm. wide where there are three rows of apertures, but expand 
| to 1-:0-1:3 before bifurcation; obverse surface of branches broadly flattened or even 
_ slightly concave; three rows of zooecia increasing to four up to 4 mm. prior to, and 
| decreasing to two up to 2 mm. subsequent to bifurcation; rows of apertures clearly 
| defined and in some places separated by low rounded ridges; edges of branches along 
| fenestrules sharp and frequently raised into narrow keel-like ridges; two, or occasionally 
| three, faint flexuous striae between neighbouring rows of apertures, bending out around 
_ apertures and in again; no nodes; apertures slightly oval in outline, and 0-15-0-24 mm. 
| long; peristomes broad and low; centres of adjacent apertures 0-40-55 mm. apart; 
4 four to five apertures, occasionally six, per fenestrule; dissepiments 0-15—0-3 mm. long, 
| slightly raised above, or on the same level as the branches on the obverse surface, and 
| slightly depressed on the reverse; fenestrules oval to subrectangular, 1-9-2-6 mm. long 
_ and 0-3-0-9 mm. wide; zooecial cells long, c. 0-8-1-:0 mm. long from the distal edge 
_ of the aperture to the inner tip, more or less tubular, but tapering to a blunt point. 


Remarks. The nearest described species is P. neerkolensis from the Neerkol Series at 
Rockhampton and Mt. Barney, Queensland. However, that form has fewer apertures 
| per fenestrule, the fenestrules are smaller, and there do not appear to be any broad 
| ridges between the rows of apertures, though the fine surface striae are present. 


Polypora isaacsensis sp. Nov. 
Plate 63, figs. la—-e 


| Holotype. F.4744a-c, from the Isaacs Formation near 987823. 


| Description. Zoarium with eleven to twelve fenestrules and fourteen to sixteen branches 
/in 10 mm.; branching frequent; branches flattened to broadly rounded on obverse 
| surface; and strongly rounded on reverse surface; apertures usually in three rows, in- 
| creasing to five a short distance before branching; two to three apertures to a fenestrule; 

| distance between centres of successive apertures 0:32-0:36 mm.; apertures well 
rounded to oval in outline, exsert, with distinct sharp peristomes, and 0- 12-0-16 mm. in 
| diameter; eight to ten narrow septum-like partitions divide the aperture within the 
peristome, and extend less than one-quarter of the way across the aperture; plate with 
| median perforation crosses aperture at base of partitions; numerous well-rounded 
) depressions irregularly arranged on surface of branches between apertures; depressions 
j usually c. 0-25 mm. in diameter; fenestrules oval in outline, 0:60-0:80 mm. long and 
} 0:30-0:50 mm. wide; dissepiments 0-2-0-3 mm. long; dissepiments on level with or 
| depressed slightly below the surfaces of the branches on both the obverse and reverse 
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faces; reverse surface apparently without striae, but with strong spines of variable size, 
irregularly arranged, but numbering eight to fourteen per 5 mm. longitudinally ; intern- 
ally zooecia very thick walled; bases of zooecia well rounded and oval in outline on the 
basal plate. 


Remarks. The depressions on the obverse faces of the branches are very variably distri- 
buted. On some parts of the zoarium they are almost as abundant as the zooecia, but 
elsewhere there are none at all on some branches for distances of 1 cm. or more. The 
perforated diaphragm-like plate across the aperture inside the peristome has not been 
observed in all individuals, but this is probably due to poor preservation. On the reverse 
surface the spines are generally in an irregular row towards the middle of the branch, but 
in places there are pairs side by side, and especially where the branches widen before 
branching there are often clusters of four or five. 

From P. septata and P. tenuirama, both of which are similar in the possession of 
septum-like plates inside the peristome (see comments on P. septata), P. isaacensis is 
readily distinguished by the depressions on the surface of its branches, and by its much 
finer mesh. 


Order CYCLOSTOMATA Busk 1852 
Family HEXAGONELLIDAE Crockford 1947 
Genus FISTULAMINA Crockford 1947 


Type species F. inornata Crockford, Lower Carboniferous, New South Wales. 


Fistulamina frondescens Crockford 
Plate 60, figs. 14 
1948 Fistulamina frondescens Crockford, p. 420, figs. 1-2. 
Material. Numerous specimens from throughout the whole fossiliferous section near 019840. 
Remarks. The types of this species were collected from the Booral Formation, probably 
close to the locality where most of the present specimens have been obtained. 
To date, all of the species described have been diagnosed on the basis of the width of 


the branches, the branching pattern, the number of rows of zooecia, the spacing of the 
zooecia, the size of the apertures, and the development of peristomes and lunaria. All 
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All figures natural size, and of rubber casts unless otherwise stated. 

Fig. 1. Calloconularia minima sp. nov. Several specimens exposed on a slab, F.4123, with large specimen 
in centre as holotype, x 2. 

Figs. 2-5. Limipecten pincombei (Mitchell). 2, External mould of part of left valve, destroyed by fire. 
3, Interior of left valve, F.26457 Aust. Mus. Coll., lectotype. 4, Exterior of part of left valve, F.25577 
Aust. Mus. Coll. 5, Interior of right valve, destroyed by fire. 

Figs. 6-7. C ypricardinia sp. 6, Interior of right valve, F.4921, x 2. 7, Exterior of left valve, destroyed 
by fire. The depression below the posterior socket is an irregularity developed during fossilization. 

Fig. 8. Sanguinolites sp. Incomplete internal mould of parts of both valves, F.4546. 

Figs. 9-16. Limipecten flexiauriculus sp. nov. 9, 14, Umbonal parts of two right valves, F.4870 and 
F.4878. 10, Almost complete right valve, destroyed by fire. 11, Interior of left valve, F.4867, holotype. 


12, Exterior of right valve, F.4868a. 13, Exterior of left valve, destroyed b ~ i 
parts of left valves, F.48834 and F.4871. anes 
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these features have been found to be highly variable in the present collection. The follow- 
ing description supplements the original. Branch width 1-5—4-5 mm. without break in 
range; branching at regular or irregular intervals; in some individuals branching occurs 
every 5-7 mm. while others run for 3 cm. and then branch every 10 mm. or so; no 
definite relation observed between branching pattern and position in zoarium, though 
probable that early parts branch less frequently than later; seven to thirteen rows of 
apertures on each branch; in each row apertures 0-6-1-4 mm. apart with wide variation 
within a single zoarium; peristome always raised and often produced into a marked 
lunarium on outer proximal sides of apertures; radius of curvature of lunaria varies 
from equality with that of aperture to one-half that value; length of lunaria up to two- 
thirds length of aperture; length of apertures 0:24-0:32 mm. though some on edges of 
branches up to 0-36 mm.; width of apertures 0:24-0:36 mm.; sinuous ridges on surface 
between apertures, and occasionally rows of apertures delineated by ridges slightly 
stronger than others; moulds show immature part of zooecia running parallel with mesial 
lamina for c. 2-0 mm. and short mature portion almost at 90° to zoarial surface; no 
vesicular tissue observed along mesial lamina, possibly as result of poor preservation. 


Order TREPOSTOMATA Ulrich 1882 
Family STENOPORIDAE Waagen and Wentsel 1886 
Genus STENOCLADIA Girty 1911 


Type species S. frondosa Girty, Chester Series (Mississippian), North America. 


Remarks. Elias (1957) has reviewed this genus, and has referred a species of apparently 
similar habit to S.? enigma n.sp., to it. Unfortunately the characters of the type species 
are not well known, and hence encrusting forms which develop bifoliate branches in the 
manner of the above species can be referred to the genus only tentatively. 


Stenocladia? enigma sp. nov. 
Plate 60, figs. 8-10 
Holotype. F.4720c-£; paratypes F.4721—-F.4725; all form above the main Levipustula bed near 019840. 


Description. Zoarium encrusting or forming flattened or almost cylindrical bifoliate 
branches; where encrusting, zoarium 0:-4-0-8 mm. thick; branches of very variable 
thickness and width; apertures irregularly arranged, circular to strongly oval in outline 
and from 0:15-0:30 mm. in maximum diameter ; centres of adjacent apertures 0-3-0-5 mm. 
apart; mesopores abundant and in one or two rows around the apertures; diameter 
of mesopores 0:04-0:18 mm., but most 0:06-0:08 mm.; acanthopores apparently not 
developed throughout the colony, but where present are large and number four or five 
around each aperture; no monticules or maculae; both zooecia and mesopores without 
diaphragms and cystiphragms; where zooecium encrusting, zooecia arise at right angles 
or at a high angle to the basal plate and maintain a more or less uniform diameter 
throughout, and mesopores extend through whole thickness of zoarium; where zoarium 
bifoliate, zooecia have a long immature section and a short mature section, the junction 
between the two sections being abrupt and angular where the zooecium is flattened but 
gradual and curved where it is cylindrical; no monilae. 


Remarks. One of these specimens is encrusting a crinoid stem, and is at least 25 mm. long 
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and probably much more. From the unilaminar encrustation bifoliate extensions are 
developed, these varying considerably in size and shape. Another specimen apparently 
consists of an independent unilaminar portion giving rise to bifoliate branches. It is 
assumed that the former parts must have encrusted some material such as seaweed 
which has decomposed leaving no trace. The material is all too badly preserved to be 
sectioned. 


Class LAMELLIBRANCHIA Blainville 
Family AVICULOPECTINIDAE Eth. Jr. emend. Newell 1937 
Genus LIMIPECTEN Girty 1904 


Type species Limipecten texanus Girty, Lower Cisco Group, Upper Pennsylvanian, Texas. 


Remarks. This genus is here interpreted in the sense of Newell (1937) who gives the 
generic range as Lower Carboniferous to Permian. He gives a list of six British Lower 
Carboniferous species which he refers to Limipecten. A further Lower Carboniferous 
species L. newelli from the Ardmore basin of Oklahoma was referred to the genus by 
Elias (1957) but its right valve is unknown and the ornament of its left valve is different 
from that of typical Limipecten. 

By Pennsylvanian times the genus was well established and widespread occurring in 
Britain (Ramsbottom 1952), Holland (Dorsman 1945), Russia (Fedotov 1932), North 
America (Newell 1937), South America (Chronic 1953), China (Chao 1927), and 
Australia. It is also very widespread in the Permian. 


Limipecten flexiauriculus sp. nov. 
Plate 61, figs. 9-16 


Holotype. F.4867; paratypes F.4868—F.4883, from the Booral Formation, below the main Levipustula 
bed, near 019840. 


Description. Shell of moderate size for genus; neither valve markedly convex, but the 
left more strongly so than the right; very slightly procline to acline; hinge varies between 
one-half and two-thirds of the total shell length. 

Left valve gently convex; anterior fold strong, slightly concave to almost straight in 
outline, sharply angular in section and slightly overhangs the auricle; no distinct 


posterior fold, but the inner edge of the posterior auricle is almost straight; umbonal _ 


angle C: 100°; up to forty-five robust plicae on body of valve; plicae increase by 
intercalation, most being emplaced within 5 mm. of the umbo, but occasional ones 
appear up to 30 mm.; primary plicae retain their greater size to the shell margin, and 


EXPLANATION OF PLATE 62 


All figures natural size unless otherwise stated, and all photographs are of rubber casts. 

Figs. 1-9. Syringothyris bifida sp. nov. 1, Interior of brachial valve, F.4915cG. 2, 7, Exteriors of brachial 
valves, F.4914a and F.4915r. 3, 4, Exteriors of fragments of pedicle valves, F.4759 and F.4914p. 
5} Interior of pedicle valve, F.4909a, showing syrinx. 6, Exterior of pedicle valve, F.6040. 8, Interior 
of pedicle valve, F.4917a, holotype, showing syrinx. 9, Detail of surface ornament, F.4912, Sh 
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tend to be flatly rounded; interspaces much narrower than primary plicae; occasionally 
plicae bear traces of extremely fine radial striae spaced at three to five per mm. near the 
venter; well developed, rather evenly spaced imbricating lamellae cover the body of the 
valve, and vary in number from seven to eight per 3 mm. near the umbo, to three to five 
per 3 mm. near the anterior margin; near the umbo, lamellae run straight across costae 
and interspaces, but towards the middle of the valve they swing forward in the inter- 
spaces as rounded lobes, and on the adult portions tend to produce angular projections 
in the interspaces ; well-preserved specimens show lamellae overlapping adjacent ones by 
up to | mm.; on the anterior auricles well-developed overlapping lamellae swing outward 
from the anterior fold but are reflexed toward the hinge-line, imparting a distinctive 
shape to the auricle; up to thirteen extremely weak costae on auricle; as distinct from 
those on the body of the valve, lamellae swing out over the costae and back in over the 
interspaces, or cross both costae and interspaces without change in direction; posterior 
auricle differentiated by a slight to strong change in slope, but at its margin there is a 
sudden break in the development of the plicae and the lamellae are sharply deflected 
dorsally; extremity of auricle rectangular, and its surface has five or six irregular rudi- 
mentary costae; lamellae strong and deflected away from the umbo where they cross the 
costae; ligament area almost flat, lying at an angle of less than 20° to the plane of 
junction of the valves, and bearing growth-lines parallel with the hinge, but no ligament 
grooves; resilifer broad, very shallow and very vaguely outlined. 

Anterior fold of right valve small, slightly concave and angular, extending into a deep, 
steep-sided auricular sulcus; posterior fold almost straight and also small and angular; 
umbonal angle c. 100°-110°; ornamentation near the umbo represented by almost 
indiscernible traces of plicae and lamellae; approximately fifty plicae on body of valve, 
increasing by intercalation; plicae weaker and flatter than those of the left valve; inter- 
spaces much narrower than plicae; strength of plicae decreases and their breadth in- 
creases markedly on posterior third of the valve; closely spaced (10-12 per 5 mm.) 
delicate lamellae cover whole valve except umbonal region; in general, lamellae cut 
straight across plicae, but on more adult portions of valve they frequently move ventrad 
slightly in the interspaces; anterior auricle large, costate, distinctly convex, and its 
extremity almost semicircular; its surface with six or seven strong costae, all save the 
most dorsal and the most ventral originating at the umbo; lamellae very strong and 
produce scale-like projections where they cross the costae; posterior auricle small, sub- 
triangular, flattened, its extremity almost a right angle; a few weak irregular costae on 
its ventral half, but its dorsal half apparently non-costate; lamellae slightly stronger 
than those on the body of the valve and deflected distally as they cross the costae, form- 
ing small projections. 

No trace of muscle scars in either valve. 


Dimensions (in mm.). 


Left valves 


Length of | Length of 


Length Height anterior | posterior 
auricle auricle 
59 59 18 i192 
c. 50 50 14 8 
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Remarks. No shelly specimens have been found, but since the plicae are usually reflected 
on the internal moulds, it is probable that the shell was much thinner than in most 
American and British species of the genus. 

Mitchell (1924) described eleven new pectenoid species (all of which he referred to 
Aviculopecten) from the shore of Lake Boolambayt. All of his specimens apparently came 
from one or two localities near Bombah Point, from which a rich Levipustula fauna, 
comparable with that from Booral, has been recovered. The material is in general rather 
poor, and some of it is distorted. Many of the species are based on only one or two 
specimens, which in my opinion are not interpretable. Further, several species are known 
from only the left valve, and the association of left and right valves is, as Mitchell himself 
noted, open to doubt. 

I have examined Mitchell’s complete collection, and have made a small collection of 
my own. From these specimens it is clear that only two species are readily recognizable, 
and that many are synonyms. For the two definite species the names A. pincombei and 
A. flexicostatus appear to be the best ones to preserve, since the syntypes of both are in 
a good state of preservation and there is no doubt as to their identification. A. pincombei 
clearly belongs to the genus Limipecten as here interpreted. The fine plication and the 
weak ventral projection of the lamellae in the intercostal spaces on the left valve 
suggest that A. flexicostatus should be left in Aviculopecten. However, the costae of the 
right valve appear to increase by intercalation and not by bifurcation as in that genus 
and so I refer it to Limipecten also. I here select the specimen F.26457 Aust. Mus. Coll. 
figured by Mitchell 1924, pl. 52, fig. 19, as lectotype of L. pincombei, and F.26462 
Aust. Mus. Coll. figured by Mitchell 1924, pl. 51, fig. 15, as lectotype of L. flexicostatus. 

In synonymy with L. pincombei is A. andrewsi; and with L. flexicostatus are A. pyri- 
formis, A. spartens, A. perobliquatus, A. argutus, and A. articulosus. Some species cannot 
be satisfactorily interpreted on the material available. These are A. fusiformis, which 
could be merely a laterally distorted A. flexicostatus; A. leggei which is represented by 
only one poorly preserved individual; and A. plicatilis which is also based on a single 
juvenile specimen. 

L. pincombei differs from L. flexiauriculus sp. nov. in the coarse costation of its left 
valve, the acutely triangular form of the posterior auricle, and the wing-like form of the 
anterior auricle. L. flexicostatus is clearly distinguished from both the above forms by its 
much finer costation, weak lamellation, and the shape of the valves. 

L. flexiauriculus sp. nov. can be readily distinguished from all the described Pennsyl- 
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All figures are of rubber casts, and are natural size unless otherwise stated. 

Fig. 1. Polypora isaacsensis sp. nov. 1a, Reverse surface F.47444-8, holotype, x2. 1b, Same, x 4. 
1c, Obverse face of same, x 2. 1d, Same, x 4, showing depressions in surface of branches between 
apertures. le, Same, x 8 approximately, showing arrangement of apertures. 

Fig. 2. Fenestella micropora (Crockford). 2a, Reverse surface, F.4742a-B, x 4. 2b, Obverse surface of 
same, x 4. Bubbles in rubber along keel in lower part of figure mark position of nodes. 2c, Same, x 2. 

Figs. 3-4. Alispirifer laminosus undatus subsp. nov. 3, Part of a distorted specimen F.4759p. 4 Interior 
of a pedicle valve, F.4765, holotype. 

Fig. 5. Syringothyris bifida sp. nov. 5, Interior of brachial valve, F.6040. Note arrangement of muscle 
scars. 


Fig. 6. Peruvispira cf. kuttungensis sp. nov. Specimen destroyed by fire. 
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vanian species of North America not only by the differences in shell structure mentioned 
above, but also by the form of its auricles and the arrangement of its ornament. L. 
araneosus Chronic, from the middle Pennsylvanian of Peru, has a totally different 
costation. There is no comparison with either L. nitidus of the British Westphalian or the 
L. newelli of the American Mississippian. 


Genus CYPRICARDINIA Hall 1959 


Type species C. /amellosa Hall, Devonian, North America. 


? Cypricardinia sp. 
Plate 61, figs. 6, 7 
Material. F.4921 and F.4035-8, from the beds below the main Levipustula bed, near 019840. 


Description. Shell modioloid in shape; umbones about one-fifth of total length from 
anterior edge; moderately biconvex; hinge-line straight to slightly curved, and somewhat 
more than half the total shell length; extremities of shell well rounded; very feeble 
rounded ridge extends from umbo to just dorsal of the postero-ventral margin; very 
faint concavity on central part of some valves; height/length ratio in largest specimens 
about two-thirds; umbones strongly inrolled; ornament of rather weak flattened growth 
laminae, subregularly spaced at about eight per cm. measured from postero-ventral 
extremity along ridge toward umbo; laminae scarcely perceptible near umbo; discon- 
tinuous radial lirae on posterior two-thirds of shell; hinge-plate narrow and slightly 
thickened; posterior ligament groove long and shallow; right valve with deep socket 
flanked on either side by a single sharp tooth, just in front of umbo; near posterior 
extremity of hinge is elongate socket between two lamellar teeth, and a very weak short 
socket immediately below its posterior extremity; muscle scars and pallial line not known. 


Remarks. Only one specimen, F.4921, remains intact, the others having been destroyed 
or partly destroyed by fire. The remaining specimen is a young right valve, in which the 
lower posterior socket is almost imperceptible. 

The generic assignment is tentative. The type species is from the North American 
Devonian, and apparently no posterior teeth have been observed in it. Newell (1955) 
has referred Greenland Permian specimens which have two or three lamellar posterior 
teeth to C.? permica Licharew, though he points out that Licharew (1931) has concluded 
that the ‘Upper Palaeozoic shells commonly referred to Cypricardinia, may differ con- 
siderably from the Devonian genotype’. 

The specimens herein described differ further from most of the Devonian and Permian 
species in having much weaker concentric ornament. In this they are like C. carbonaria 
Meek, from the Pottsville formation of Ohio. 


Genus SANGUINOLITES M‘Coy 1844 
Type species Sanguinolaria? angustata Phillips, probably from the Viséan of Yorkshire. 


Remarks. It is with some doubt that this specimen is referred to Sanguinolites, since it is 
unusual for the anterior muscle scars to be paired in members of that genus. However, 
Hind (1900, p. 388) records that on S. plicatus (Portlock) the deep anterior scar is 
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‘surmounted by an accessory muscle-scar, which is smaller, and lies between it and 
the umbo’. 
? Sanguinolites sp. 


Plate 61, fig. 8 
Material. F.4546 Booral Formation, below the main Levipustula bed, near 019840. 


Description. Shell approximately equivalve; pre- to post-umbonal length ratio 2/9; 
height/length ratio 2/5, and height/thickness between 5/6 and 1; hinge-line long and 
straight and, judging from the growth-lines, is about one-half the total shell length; 
anterior umbonal slope slightly concave; anterior extremity abruptly rounded; posterior 
umbonal slope long, straight, sharp, and equal to four-fifths of the posterior length of 
the shell; posterior outline gently convex and oblique between the hinge and the postero- 
ventral margin, where it is sharply deflected to the ventral edge; moderately angular keel 
separates off a flattened posterior face on which are two very weak ridges; lower ridge, 
the stronger of the two, reaches to within 1 cm. of the umbo, and the almost imper- 
ceptible upper one is confined to the posterior third of the face; central part of each 
valve slightly depressed, making the ventral edge gently concave; lunule small; 
escutcheon elongate and deep; hinge edentulous. 

Ventral anterior adductor scar irregularly angular in shape, deeply impressed, and. 
placed up against the antero-dorsal margin; small flange at its posterior edge; dorsal 
anterior scar three times as long as high, deeply impressed, and only one-third the area 
of its neighbour from which it is separated by only 0-5 mm.; posterior adductor scar 
very slightly impressed, sub-rhombic in outline, and situated with its mid-ventral point 
on the keel about 7 mm. from the postero-ventral tip of the shell. 


Remarks. In shape this specimen is near to Pleurophorus tropidophorus (Meek) from 
the Pottsville Formation of Ohio. Demanet (1943) has figured a form which he refers to 
Sanguinolites tropidophorus (Meek) from the Wn3a of Belgium. Morningstar (1922) 
considers the species to be a true Pleurophorus though she makes mention of neither 
the dentition nor internal structure. Shimer and Shrock (1944) also leave it in the same 
genus. Demanet offers no reason for his generic assignment and does not comment on 
the dentition or the interior. Hence it is not possible to make definite comparisons. 


Genus POSIDONIA Bronn 1828 


Type species P. becheri Bronn, Lower Carboniferous, Germany. 


Posidonia sp. 
Material. F.4039, from the beds below the main Levipustula bed near 019840. 


Description. Shell large, c. 50 mm. long and c. 40 mm. along hinge; valves moderately 
CONVEX; umbones c. 10 mm. behind anterior extremity, of moderate height, and not 
incurved; angle between hinge-line and line joining umbo to postero-lateral extremity, 
c. 60°; posterior auricle large and separated from body of valve by gradual change in 
slope; anterior auricle moderately large, with a concave dorsal edge, and formed of 
thickened shell material; four to five major concentric folds in shell per cm. on umbonal 
portions ; several weaker folds between major ones; ligament area of left valve markedly 
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triangular, planar, and ornamented only with growth-lines; hinge edentulous; shell 
substance thin. 


Remarks. The umbo of this specimen is situated slightly farther toward the anterior than 
the limit set for Posidonia by Ramsbottom (1959). However, it is not as far forward as 
that of most species of Caneyella, and in the absence of any sign of radial ornament I 
have left the specimen in Posidonia. 


Class GASTROPODA 
Superfamily PLEUROTOMARIACEA Swainson 1940 
Genus PERUVISPIRA Chronic 1953 


Type species P. delicata Chronic, lower Permian, Peru. 


Remarks. The relationships of this genus have been discussed by Dickins (1961). 


Peruvispira kuttungensis sp. nov. 
Plate 56, figs. 10-17 
Holotype. F.4935; paratypes F.4935a and F.4937 from the Booral Formation near 018859. 


Description. Shell much larger than type species, specimens up to 20 mm. high being 
quite common; turbinate in form, with seven or eight whorls at adult stage; upper 
whorl surface flat to slightly convex at all stages, and lower surface strongly convex; 
relatively large peripheral selenizone slightly concave and bounded top and bottom by 
sharp prominent carinae; occasional specimens with a very low ridge below the lower 
carina; sutures not deeply impressed, and situated a short distance below selenizone of 
preceding whorl at all growth stages, distance increasing with each successive whorl; 
adults definitely anomphalous, though false umbilicus sometimes present; specimens 
with only five whorls developed also without an umbilicus ; nucleus not clearly observed, 
but probably rather flat; upper whorl surface ornamented with sharply accentuated 
growth lamellae, moderately convex toward the mouth over most of their course, but 
deflected sharply adapically just above the selenizone; immediately beneath selenizone 
lamellae comparable in size with those above, but rapidly become less pronounced and 
more crowded toward shell base; lamellae either swing forward for a very short distance 
just under selenizone, and then turn down vertically, or run down almost vertically 
from the start, finally being deflected backwards in a strongly arched fashion to the axis; 
selenizone crossed by numerous much finer, but nevertheless quite prominent, sharp 
crescentic lunulae, numbering five to nine per mm. on the later whorls, but locally 
crowded together and numbering twelve or thirteen per mm.; form of slit unknown; 
columellar lip thickened and reflected on itself; no parietal inductura; outer lip plain; 
pleural angle averages 55°. 


Number of lamellae per mm. on middle of upper face 


Fourth 
last 


Specimen 
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Remarks. The present species has been placed in this genus with some confidence, even 
though it is much larger than the type species, the form of the slit has not been observed, 
the pleural angle is larger, and the ornament coarser. 

Occasional specimens found in the fine-grained rocks of the formation are one whorl 
larger in size, and have much finer, less pronounced lamellae, there being about six per 
mm. on the last whorl. This is possibly a specific difference, but since the available 
material is very badly preserved no new species is erected. 


Peruvispira cf. kuttungensis Campbell 


Material. F.4984, and several other specimens since destroyed by fire, from the Isaacs Formation near 
987823. 


Remarks. These specimens have a range of variation comparable to that of the types, 
but they are too poorly preserved for accurate identification. 


Localities and repositories. All grid references to localities in the text are to the Dungog One Mile to 
the Inch Military Map. All specimen numbers refer to the University of New England Collections 
unless otherwise stated. 
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THE ANCHORAGE OF ARTICULATE 
BRACHIOPODS ON SOFT SUBSTRATA 


by M. J. S. RUDWICK 


FOssIL articulate brachiopods are often abundant in rocks that appear to have 
accumulated as soft sediments. In some species there is evidence (e.g. a diminutive or 
plugged foramen) that the pedicle atrophied during ontogeny and that the adult shells 
were free-living. But in many other species a large foramen is found in all sizes of shell, 
and it is evident that the pedicle was functional throughout life; yet there may be no 
evidence of any firm material—except other shells—to which the pedicle could have been 
attached. Elliott (1956) has commented on the ease with which brachiopod shells can 
be transported after death, without damage, even by gentle currents. It is therefore 
possible that in some cases these fossil occurrences may be the result of shells having 
drifted, e.g. from a rocky environment near a shoreline into an offshore area in which 
soft sediment was accumulating. But it is also possible that such brachiopods may have 
lived on the soft sediment in which their shells are now preserved. Most articulate 
brachiopods living at the present day seem to require some hard and firm substratum 
(e.g. rock or shell) for attachment. But exceptions to this rule show that it is possible for 
the pedicle to obtain satisfactory anchorage in soft materials; and this type of attach- 
ment may have been much more common in the past. (The ability of inarticulates (e.g. 
Lingula) to anchor in soft substrata is well known; but their pedicles are not homologous 
to those of articulates, and differ completely in their structure.) Some records of the 
attachment of articulates to soft materials are given below. 

The abyssal brachiopod Chlidonophora chuni Blochmann was dredged from Globi- 
gerina ooze, and was found to have an exceptionally long pedicle, dividing distally into 
fine rootlets attached to Globigerina shells. Blochmann (1906) inferred from this that 
the shell had been rooted in the soft ooze by this unusual pedicle. The pedicle of 
Terebratulina also shows a tendency to split distally into short rootlets (Ekman 1896), 
which may be attached to small shell-fragments in a fine shell gravel. 

Gray (1872) noted that in Kraussina rubra (Pallas) from South Africa the pedicle is 
usually attached to the stem of a large alga or to an ascidian. A similar habit has been 
observed occasionally in other species. Attachment to algae was noted by Forbes in 
Megathiris, and by Jeffreys in Terebratulina (see Gray 1872). I have found specimens of 
Terebratella (Waltonia) inconspicua (Sowerby) attached to ascidians on rocky shores in 
New Zealand, and Ekman (1896) noted the same habit in Terebratulina. In an assemblage 
of Terebratella (Magasella) sanguinea (Leach), dredged from a muddy bottom at about 
54 fathoms (100 m.) off Oamaru in New Zealand, all the shells were attached by their 
pedicles to the tangled ‘horny’ tubes of the chaetopterid worm Phyllochaetopterus 
socialis Claparéde. Neither algae nor ascidians nor ‘horny’ worm-tubes would be 
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fossilized under normal circumstances. Therefore all these occurrences, if they were 
fossilized, would yield no trace of the substratum used for anchorage. 

These examples suggest that the pedicles of many fossil brachiopods may have been 
able likewise to anchor the shells either (a) into bottoms composed of soft unconsolidated 
sediment, or (6) on to organic materials that would normally escape fossilization. - 
Therefore it may not be necessary to invoke drifting as an explanation of the occurrence 
of pediculate fossil brachiopods in rocks that accumulated as soft sediments. Such - 
brachiopods may often be undrifted life-assemblages, fossilized in the environment in 
which the living population existed. 

The fact that living brachiopods can be attached to organic materials may also help 
to explain the ‘nests’ of fossil brachiopods so common in certain rocks (e.g. Hallam 
1955, 1960). It is possible that each ‘nest’ may represent a colony of brachiopods that 
was attached to a small patch of organic material, e.g. to the stem of a single large alga. 
The shells as fossilized might represent either (a) an assemblage of shells which fell off 
the supporting material into the sediment after death, and gradually accumulated there; 
or (b) a living population suddenly annihilated by the collapse of the supporting material 
into the sediment. In this connexion it is noteworthy that in the Red Crag brachiopods 
have been found in similar clusters, in each of which the original material of attachment 
—a large stone—is still preserved in position (Bell 1872, pp. 191-2). 
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